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FOREWORD

This document is the second of three volumes of the final report of a study
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* "Development of Weapon Delivery Models and Analysis Programs". Approxi-
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under Project No. 8219, "Stability and Control Investigations", Task No.
821904, "Flight Control System Analysis," and administered by the Air Force
Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio. Major
Harvey M. Paskin (FGC), and Mr. Alonzo J. Connors (FGC) were project
engineers.

The technical work reported was conducted by the Research Department
of the Systems and Research Division of Honeywell Inc. Dr. A. Ferit Konar
was the principal investigator; Mr. M. D. Ward was the programmer analyst.
Dr. G. B. Skelton and Dr. E. E. Yore were project managers. Technical
consultation was provided by Dr. Gunter Stein and Mr. C. R. Stone of Honey-
well Inc.

The reporting period was October 1970 to July 1971. The report was
first submitted in September 1971. The contractor's report number is Honey-
well .'eport 12261-FRI.

The investigators in this study would like to thank Major Harvey H. Paskin

f his enthusiastic support, for his technical leadership, and for his assis-
tance in obtaining bomb data. The investigators would also like to thank Mr.
Alonzo J. Connors for providing direction and assistance in testing the anal-
ysis programs.

This technical report was reviewed and is approved.

C.B. Westbrook
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SECTION I

INTRODUCTION

Computer programs for the precision weapon delivery system models
and performance optimization algorithms reported it Volume I are docu-
mented in this volume.

The computer programa are developed in Fortran IV language. The
overall program is called ADAPS -- Armament Delivery Analysis Program-
ming System. The system's greatest asset is its flexibility, obtained by
extensive use of subroutines.

Each section is written with the user in maind. Enough detail is given so
that basic Fortran knowledge is sufficient to undIerstand the majority of the pro-
grams. In the documentation of each program, first input/output information
is given. Subsequently flow charts, and source program listings are pre-
sented. In addition, a table of symbols is provided for many programs.

Section H provides a brief description of the overall organization of
ADAPS. Section III documents ADAP 1 -- Main Program for Nonlinear Sim-
ulation and Linearization, and Section IV documents ADAP 2 -- Main Pro-
gram for discrete optimization of Nonstationary systems. This is followed
by the documentation of ADAP 3 -- Main Program for Nonstationary Per-
formance Evaluation of Weapons in Section V. Section VI summarizes the
programming and documentation work and lists recommendations for addi-
tional areas of programming and extensions to weapon systems stady by
ADAPS.

The documentation of table-input-lookup-and interpolation processes is
given in Appendix I. The documentation of DIAK -- Program for Optimization
of Stationary Systems -- is given in Appendix II.

A demonstration example is included in Volume III to illustrate how these
programs are used and how the important error contributors to weapon
delivery performance are identified.

* I



SECTION 1I
OVERALL ORGANIZATION OF ADAPS

This section is a brief discussion of the overall structure of the Arma-
ment Delivery Analysis Programming System (ADAPS).

The various subroutines implementing the precision weapon delivery
models and optimi•zation algorithms provide the capability to analyse weapon

-- * delivery as a general linear time-varying, stochastic process or to analyze
it as a much simplified process that is stationary duiring all of its phases.
The one extreme offers fidelity to the physical situation, the other offers low
comnuting costs and the possibility of many analysis iterations. By using the
program organization shown in Figure 1, both extremes (as well as the many
possibilities in between) are readily attainable. In this organization. ADAPS
is divided into three groups:

* ADAP 1 -- Simulator and Linearizer

* ADAP 2 -- Optimizer

* ADAP 3 -- Performance Evaluator

The individual subroutines within each group are accessible from a main
program with which they share common memory. They communicate with
each other within the groups indicated. Optional inputs are provided to cover
various analysis objectives.

A typical analysis proceeds as follows:

* Linear Data Generation - This procedure requires the following
steps:

1. Read input data for attack maneuver, read nonlinear
aircraft aerodynamics.

2. Trim aircraft, and fly it to obtain nominal trajectory
up to nominal release altitude.

3. Linearize the aircraft equations of motion numerically
at specified time points during flight. Write on tape.

4. Read input data for nonlinear weapon aerodynamics.

5. Using the release conditions, generate free-fall tra-
jectory by the nonlinear weapon model.

6. Linearize the weapon equations of motion numerically
at specified time points along the free-fall trajectory,
write on tape.

2
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Figure 2 is the input/output block diagram of the linear data
generation by ADAP 1. Options are also available within the
program (aircraft only, weapon 'only, simulation only, etc.).

. Optimization - This procedure requires the following steps:

1. Generate the propagation weighting matrix using linear
weapon data,.

2. Input control points, measurement points, measurement
variances.

3. Choose the type of optimization, and obtain controller
gains, estimator gains, total system covariance at
release.

To obtain the weighting matrix, first the initial covariance
of free aircraft is propagated to the release point by ADAP 2.
The input/output block diagram for this is shown in Figure 3.
Subsequently, the release covariance is propagated to impact
by ADAP 3, and the weighting matrix is computed. The input/
output block diagram for this is shown in Figure 4.

These data are used in the second run up of ADAP 2 to produce
optimal controller and estimator gains as well as release co-
variance for the optimal system. Again here various options
are available (controller only, estimator only, etc.). Figure 5
is the input/output block diagram of the nonstationary optimi-
zation phase.

. Performance Evaluation - This procedure requires the following steps:
1. Propagate the release covariance to impact using

performance evaluator.

2. Compute impact covariance matrix, CEP performance
measure and the variance contribution matrix.

Figure 6 is the input/output block diagram of the performance
evaluation procedure.

The above defines one complete cycle of a typical use of ADAPS. Each
part can be used independent of the other for different needs. The main pro-
grams are largely at the discretion of the user, to be organized as best suits
a particular analysis problem.

For a twentieth-order system, the total computing time per program
cycle is approximately 15 minutes using a CDC-6600 processor (Table I),
and each main program requires Less than 32 K of memory.

4J
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SECTION III

ADAP 1 -- SIMULATOR AND LINEARIZER

ADAP 1 is a six-degree-of-freedom nonlinear simulation and lineariza-
tion program. It is based on the THRUST program developed by Honeywell
C1, 2]. The set of linear data generated by ADAP 1 is used in optimal con-
troller and estimator design (ADAP 2), as well as in weapons delivery per-
formance evaluation (ADAP 3). Figure 7 shows the information flow in
ADAP 1 during a simulation.

Briefly, prescribed attack trajectories are flown by simulating an air-
craft model using a trim profile input. During the six-degree-of- freedom
simulation, the perturbation equations are obtained at specific time intervals
by a numerical partial differentiation technique. This process continues until
the weapon-release condition is reached. Then free-fall trajectories are
generated by simulating a weapon model. During the six-degree-of-freedom
weapon simulation, the perturbation equations are obtained at specified time
intervals in the same way. This continues until impact occurs.

During the flight from target acquisition to weapon impact, all internal
variables of aircraft and weapon and the corresponding linear data are printed
out at specified time points. The linear data are also stored in the permanent
disk files for subsequent use.

In the balance of this section, input/output information is provided first;
then the main program and its subroutines are described.

ADAP 1 INPUT/OUTPUT

A-ARRAY MAP

All information to be transferred between subroutines in ADAP 1, or
that is to be available for input and output, is stored in an array. To the
computer, an array is a block of storage locations, the first of which is
referred to as the base location and identified by some variable name. In
the ADAP 1 this name has been designated as A; hence, the term "A-array".
All other locations in the array are identified by placing a subscript on A.
For example, A(79) represents the 79th location in the A array W2J. There
are 1000 entries in the A-array, and they are shared by all ADAP 1 sub-
routines through the statement

COMMON/ADAP/A(1000)

It is important to record each A-array assignment, and this is done in the A-
array map. Table II shows A-array assignments in ADAP 1. The locations
with no entry signify their availability for future use.

11
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In the A-Array Map Form (Table II), the value column is auxiliary and
can be used to record the input values of a particular simulation run. For
programming convenience, A-array locations are equi~'alenced to mnemonic
names. For example, if the witriable a is to be assigaed to location 26 in the

A-array, then either a statement

EQUIVALENCE (ALPHA, A(026))

is used at the beginning of a subroutine or a statement

ALPHA = A(26)

is used within the subroutine. Each subroutine begins with an equivalence
block. The equivalence block is divided into three parts. The "parameter
inputs" are those inputs to the subroutine which are provided through ADAP's
main input. The "variable inputs" are those inputs which are computed in
some other subroutine in the ADAP system. The "variable outputs" are those
quantities which are computed in the subroutine.

INPUT DESCRIPTION

Input for the ADAP 1 is in the form of punched cards. It is divided into two
groups:

"* Common card data input

" Table card data input

Both groups are read in during the first call (Mode = -1) of subroutine EXEK.
$

Common Card Data Input

The common input is the input that appears after the data control card behind
t1e program deck. This input consists of:

* Input comment cards

* A-array input cards

* i.l-array output specification cards

* Programn control cards

input Comment Cards -- Any number of comment cards may be L .--d in the
common input eck. Although these are not required, they are us I in
defining each simulation and linearization case. Each comment card muot
have a C in Column 1 as shown in Figure 8. Columns 2-80 of each card are
printed on the flrst page of output.
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Figure 8. Inpit Comment Cards

. -Array Input Cards -- It is possible to assign a value to any location in the
A-araythrughinput cards. This is done by a control card PCC starting in

column 1, followed by a set of cards containing the array numbers and cor-
* responding A-array values (Figure 9). From one to five A-array locations

can be. input by a single card.

The format for this card is shown in Table Ill.

Figure t shows jive values punched on a single card. This method
should be used for large amounts of input data. A single card may also be
used for each A-array value input. This method is satisfactory when the
number of inputs are small, since it simplifies correcting and/or modifying
an input card. There is no limit on the number of input cards that can be
used.

If a format data mismatch occurs while reading an A-array input card,
then a message, "CARD ERROR" will be printed, followed by a printout of
the card in error. The program will stop on a format data mismatch.

A-Aru Output Specification Cards -- The A-array locations that must be
printed o itnpuring a run are specified by a control card PRINT starting
column I.. followed by a set of cards listing the indices of the A-arrays that
will be printed (Figure 10). These numbers are right justified in [5 fields on
a pL :nt card. The format for this card is dlustrated in Table IV.
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Table I!. A-Array Input Card Format

Columns Description

1- 4 A-array index 11

5 - 15 Value of A(1 1 )

16 - 19 A-array index 12

20 - 30 Value of A(12 )

31 - 34 A-array index 13

35 - 45 Value of A(1 3 )

46 - 49 A-array index 14

50 - 60 Value of A(N4 )

61 - 64 A-array index 15

65 - 75 Value of A(I 5 )

INPUT DATA CARD

!L!L! L .LJ ..J L .L ..L .LL . .L.L.L .J...L ±J . . .L . 4. ~LL , .L LL.L. .LL. . . . . .± ..J.. . .LJ. ..A L ±

J... ..LL± .. L.± L .L ±...~ L..LI ... .LL .. L....J. U J.L.LLL..L L LI.LL..... . LL. LL

_ZCL 4 579 -. 3162C+O 116 +.160 %+P? 1, 7 2+5j zA 6 ,E+,0?

± iIIJLL i iii :IIi ai||J I L Ji .L L L L L J J L L | J.i * * * *
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_lLU I 1 II l LUlI LLL LUL LL Ul iIl ,l ILLUL-.I
IINPUT CNR CARDL LII IIgure 9.LJIII A-ArI ray InpIuIt CardsIL LI I LI !125
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INIPUT CONTROL CARD

Figure 9. A-Array Input Cards



OUTPUT DATA CARD

ALAA LA-"A-.&A-L LI.L TLj-" LLj"_ LA-" LLLLLA"A-L

.AL .LL .LL .LL .~AA .AA-~ . .LL . ..-- 4.LJ. .AAI .. L-..
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. I... . . . . . . . . . . . I . . . . .. I . . . . . . . I . . I . .... . . ... I * . -. I I

. . . . . . . ..A- A I iLA. I I I I A A- -A-L A-L. . . A... .. .. Ai-.. . A -.. .... I . .L.. . .. . ..- i
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OUTPUT CONITROL CARD

Figure 10. A-Array Output Cards

Table IV, A-Array Output Card Format

Columns Description

I. - 5
6 - 10

11 - 15
16 - 20
21 - 25
26 - 30
31 - 35
36 - 40
41 - 45 Indices of A-arrays
46 - 50 to be printed out
51 - 55 during a simulation
56 - 60
61 - 65
66 -70
71 - 75
76 - 80
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All blank fields are ignored. Any number of cards may be used, but the[ number of A-array locations specified for printing must be less than 100.

If a format data mismatch occurs while reading a print index card then
a message, "PRINT SPEC ERROR, " will be printed, followed by a printout
of the card in error. The program will stop on a format data mismatch.

Program Control Cards -- Two program control cards are used in the input:

* RUN

* STOP

Each of these c( trol words must start in column 1 (Figure 11). The RUN
card signifies the end of common input for one case. When the program
reads the RUN card, it will begin to execute.

The STOP card is the last card in a data deck. It commands the program
to stop.

LLLL .JLL E i* l I L* ii i i l i *I i I l * l .**IlJ l lI li* I LL4-& l I I I lJI L L I l l 1 I I I I
I IL L I LL -I I II i I - A II I I I A I I I L.J_ L ±JL4LJ44A

I4~i• ..... .. L.L.. L... . L.. L.... L.L.L....... .. . .. L ±.J..... ~.. L.L..... ...L.L...L... .. .. .

! { I I I I I IJ .I I I . A I I I I I i I I I I I I I . . . . . . . . . . . . . . . . . . . . .I . . . . . . . . . . . . . .. I 1 I1

iIM it . . . . . . . . . . I . . . . . . . . . . . . . . I I I I L-- . iAL1 1 L_ . . _ I I I I i I I I I I I I I I I I I I I I i I I I I 1

. . . ., I I I I I I . I I AI I I I I1 I I I A I I I I I A I I I I I I I I I I I I I A A I I I . . . . . . . . . I . . . . . . .

• ...................... ......... .. I... ............. ......... .........

.} . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . I I I I I A I I I I L...

I I I I ! i L iLL AI ! i I I I IL L . . . .IWA -AL A l I LLAiIi

.LLLLL. L.L L L _AL.LL.L.L .L L ... .L L .L...... A..L.L. ....J. .L.....J...L J...L...J..L. J.........L

Figure 11. Program Control Cards

Rules for Common Card Data Input - - The following rules apply to common
card data input:

* Comment cards must have a C in column 1.

9 Any number of comment cards may be used, including zero.

0 The PRINT and PCC s~ections can appear in any order.

* AU integers must be right-justified in their input fields.
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Table Card Data Input

The table card data are placed after the RUN card in the input data deck.
The input cards required to specify a function table are:

* Function header card

* Variable-value cards

* Function value cards

0 End function card

These cards are shown in Figure 12.

I .. .. ! I I .ItI .... ',.,-"
i' , .. .i . . .. .!.. . ... ..AFi .... .............. ...... .. ... ..

Iu A4. . .I A1IA, 1. 1 .... 1.n• / t t 1ara , a i1 ...
.. ,,..* .. ,• .• r• , . • • ....... .. ....... . ..................

. ... .i ,. . . . . . . . . . ...... .. . ........ . .... ........ , - -

1. lni t (a) HeadL e (b) -V a4Lue

Cads (c)1 FunctionL4_ V.alueLJ- Cars;(d)En Fucton ar

!,, • , ;I • . ... • . ... .. . ........ .......... . ........ . . .......

* The inIt gers assiglaned lit ~ to vaiable-aluel sts use in ,thtal

.. .. .. A ,,1" ...... .. ........ . I......... ................... . . . . .

L, . .L...LA . -L- J. . .. 1 .1 .. . .. . . . . . . . . . . . . . . . . . . . . . .

* *,

Figure 1T. Table Input Cards: (a) Function Header Card; (b) Variable-Value
Cards; (c) Function Value Cards; (d) End Function Cardh

Function Header Card -- The following information is contained on a function I
header card:

"• Number of variables in the table

"• The integers assigned to the functions variables

"• The int-Sers assigned to variable-value sets used in the table !

"• The integer assigned to the function

"• The integer assigned to a function whic~h has exactly the same
table of function values as the function at hand (provided such

a function exists)
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The format for this card is shown in Table V.

Table V. Function Header Card Format

Columa•s Description

I - 5 Number of variables

9 irst variable value set

10 - 11 First variable

12 - 15 Second variable value set

16 - 17 Integer Second variable
18 - 21 asbigned Third variable value set

22 - 23 Third variable

24 - 27 Function
28- 31 ýFunction with same table

AU1 entries on this card are integers and must be right-jusitfied; i. e.,
the least significant digit must be in the right-most column of the field
(Figure 12).

Variable-Value Cards -- A variable-value set is a set of numbers that a
variable takes on in a function table. In other words, these numbers are the
variable values at which function values are given in the table.

The variable values in a set are specified in the input immediately after
the function header card (Figure 12). The set number associated with the
entries on a card must be specified in columns 1-4. From one to nine values
of a variable can be specified on one card. Beginning in column 9, a new
field starts every eight columns. The format for these cards is shown in
Table VI.

If more than one card is used to enter a set, then each card must be
identified by the appropriate set number. Blank variable-value fields will
be ignored; therefore, a zero value must be explicitly denoted as 0. 0. The
first time a variable-value set is referenced on a function header card, the
values in that set must be specified immediately after the function header
card. However, an subsequent references to the set, it is only necessary to
write the set number on the header card. It is not necessary to specify the
numbers in the set again. Any sets that are specified must be specified in
the same order as they appear on the function header card.
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Table VI. Variable-Value Card Format I
I I

Columns Description

1 - 4 Variable-value set number

9- 16 1st

17 - 24 2nd

25 - 32 3rd

33 - 40 4tl

41 - 48 5th Value of variable in the set

49- 56 6th

57- 64 7th

65- 72 8th

73- 80 9th

*Function Value Cards -- Function values are specified under the same format
as the variable values except the set number field; i. e., columns 1-4 are
blank. Any card after the function header card which has no entry in columns
1-4 will be considered a function value card by the program. Function value
cards must appear after the variable value cards (Figure 12). Blank entries i
will be ignored and zeros must be specified explicitly. The format for these
cards is shown in Table VII.

Table VII. Function Value Card Format

Columns Description

9- 16 1st

17-24 2nd

25- 32 3rd

33 - 40 4th

41 - 48 5th Value of function in table

49- 56 6th

57- 64

65- 72

73- 80
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The order in which the function values are specified must correspond to
the order in which the variables are specified. The function values are to be
given with the last variable specified on the function header card varying
fastest and the first varying slowest.

As an example consider the aerodynamic lift coefficient CT. (Ma, h, aow)

(Table VIII). The look-up representation of this table in ADAi-'1 is F1(1, 2, 3)
(see Subroutine AERK). This means that the function number is 1, the first
variable number is 1, the second variable number is 2 and the third variable
number is 3. The first variable-value set in the table is M 1 = 0. 5 and M 2 20. 9.
The assigned set number is 1. The second variable value set in the table is
hl = 0.0, and h2 = 20, 000. 0. The assigned set number is 2. The third vari-
able value set in the table is al =-4.0. a2 m 8. 0, a3 -16.0 and a4 -20.0. The

assigned set value is 3.

The function values are input as shown in Table VIII with the format given
in Table VII. Figure 12(c) shows the first function value card in the deck.

Table VIII. CL(M, h, a) Function Values

Function

Variable Values Ia1 =-.0I a 2 -8.0 a 3 =16.0 a4-20.0 Value
Cards

hI * :.0 -0.22 0.44 0.78 0.80 1st
M 1 = 0. 5 1

h2  20,000.0 -0.22 0.47 0.82 0.85 2nd

hI 0. 0 -0.25 0.46 0.74 0.80 3rd

M2 0.9 h :20,000.0 -0.27 0.51 0.82 0.89 4th

End Function Card -- The last data card for each function must be a -1 in
columns 3 and 4. An extra end function card must be placed behind the last
function in a deck. In other words, the last two cards in a function table data
deck are -1's in columns 3 and 4.

General -- When choosing points on a curve that will be used to represent it

in lie program, there are several things to remember-

0 The program interpolates linearly between stored points.

* The program does not extrapolate beyond stored points.

* Execution time is nearly independent of the number of points
stored.
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The entire ADAP I input data package is shown in Figure 13.

TOP (CONTROL CAR END FUNCTION CARD LAST TABLE CARD

rEEPON INPUT FUNCTION CARD

FUNCTION VALUE 1
IRCRAFT INPUT DECK 0 t

VARIABLE VALUE
(a) AIRCRAFT AND WEAPON DECK CARDS TADLE 2 INPUT

FUNCTION HEADERI
CARDj

ERO FUNCTION CARD

FUCINVALUE
[CAR

VARIABLE VALUE

TABLE 1 INPUT CARDS

FUNCTION HEADER

CARDS

A-ARRAY INPUT
CONTROLCARDS

PUOMET CONROLCAD

PCC(AARRAYNPUTCOMMON INPUT

(b) COMPOSITION OF A DECK

Figure 13. ADAP 1 Input Data Package
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OUTPUT DESCRIPTION

The forms of output supplied with ADAP 1 are:

* Printed output of the input data deck

* Specified A-arrays printout

* Printed output of A-array dumpsI * Linear data printout

Linear data output to permanent disc file

Printed Output of Input Data Deck

Complete image of the input data deck is printed out at the beginning of
each • •mulation and linearization run.

Specified A-Arrays Printout

The printed output of specified A-arrays is not used in the present pro-
gram. The interval between output points is specified by DTOUT in A(134).

A-Array Dump

The term "A-array dump' means that the value of all 999 locations in the
A-array are printed. (Only nonzero values are printed.) The interval
between dump points is specified by DTOUT in A(134). This form of output is
very useful for debugging and is used in ADAP 1. The value of time in
seconds is always contained in A(l). The array location is printed first,
followed by the value in that location.

Linear Data Printout

The matrices obtained in the linearizer are printed out by matrix print
subroutine MP. Each matrix as well as its rows are identified. The docu-
mentation for MP is given in Section IV. The linear data generated during
aircraft dive are F, GI, G2, HP, FW, GW and HW matrices. The linear
data generated during weapon fall are F, GI, G2, FW, GW and HW matrices.

Linear Data Output to Permanent Disc Files

The linear data for aircraft and wind systems are augmented and output
to a permanent disc file as the matrices FF, GG1, GG2, GG3, H2 and VW.
The linear data output for aircraft occurs in subroutines LINK and SLINK.
The linear data for weapon and wind systems are augmented and output to
another permanent disc file as the matrices F and G3. This is cone in sub-
routine WLINK.
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ADAP 1 PROGRAM DESCRIPTION

ADAP 1 MAIN PROGRAM

All programs in ADAPS are written as subroutines. The main program

ADAP 1 is used to tie these subroutines into a simulation and linearization.
The main program flow diagram is shown in Figure 14 and the program list-
ing in Figure 15.

The usage of the main program is self-explanatory from the figure. Be-
cause of its importance however a brief description is given below.

The main program can be divided into two sections -- initializati,'. mnd
simulation. In the initialization section, the A-Array is first cleared, L:-.
mode flag is set to -1, and subroutine EXEK is called. In this call, s' ?.&n.ut

cards for one run are read by subroutines PREAD, PRINT ard FLO:',. Then
the aircraft simulation flag SAC is tested. If SAC = 0, control is tr•:'sferred
to the weapon simulation (WS) part of the program. Otherwise all aircraft
subroutines are called with MODE - for their nominal parameter settings.
Then the mode flag is incremented and a second call (MODE = 0) is made to
the subroutines for their initialization. The mode switch is incremented
again (MODE = 1) which corresponds to simulation. If linearization is not
wanted during simulation SAC is set to 1, and call to subroutine LINK is by-
passed. Otherwise LINK is called, and linearization is carried out at the
beginning time point of the simulation. Then the number of integration steps
NN between the simulation outputs is set, and the high-frequency computation
loop (DO 400) is entered.

There are three exits from this loop. After each normal exit, that is
after each ATsimulation time interval, linear data is obtained by calling sub-
routine LINK, and a new simillation segment is started. The second type of
exit occurs when the altitude variable h reaches the pull-up altitude hp. The
third type of exit occurs when total simulation time exceeds the specified
maximum simulation time tmax.

In either of the first two types of exits, the program tests if weapon simu-
lation is wanted. This is the normal case here (SW j 0). The program saves
the values of the state x and its derivative x, to initialize the weapon run.
From this point on, similar information flow takes place for the weapon. At
the end, control returns to the beginning of the program, and it expects to read
a third run data. If it encounters a STOP card dairing input, it stops the pro-
gram.

The subroutines used in the main program are listed in Table IX. For
these subroutines which implement mathematical models, a reference is made
to Volume I showing the page numbers of the pertinent rnalysis and modeling
work.
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STARA

ZERO A~tAY:3 ---qSET LIN - 0

I6 00 400 I1- , NN

CALL PILOT (it
CALL AERK
CALL DYNK CLN)

I TEST IFh -hpO N- 0
I ~YESI

SEII SET RNO -123I

I ~CONTINUEI

CALTIUI TEST IF RNO' E

TEST IF t aWAX YES2

I ~~CONTINUE I
TES IFSA - I~

CALLDD LN

35751
CALLEXEKGP T 41CALL AER

LL ONK(U)LL HRUS 45



SAVE X,

ZERO A AARAY

SET WE I4010
SET M0E~ - SET LIN 0

CALL EXIEKF- - -

46DO 4020 i ,Z

400 CALLWEXEK

SET AND 0TEST IF h~p0

SET IN 0SET he* 20

CALL WAEWSET RHO= 1

GOT 4020

IALLN CONTINUE

4002-- - -

CONTINU
YES

TETw SW- I

CALCAL WLINKIN

Figure~ ~~~~~~~~COT 14 D?1Mi rga wDarm(ocuded
4 p 'I

MODE- MOE +

36E

TESTIF AD -

TEST F SW NoA



ADPRGA ADAPt INPUTOUTPUTTAPE5uINPLJTTAPE9uOUTPUTTAPE6,TAPE7)

C ADAPNON-LINEAR A/C AND WEAPON MAIN PR~OGRAM

CO#4MON/ADAP/MODE*A( 1000)
DIMENSION X(12)tXDOT(12)
EQUIVALENCE (SAC ,A(995))*(SWAf996))
LWw9

'C
C ZERO A ARRAY
C

1 00 2 I"l91000
2 A(!)wO*

t4ODES-1
C
C CALL EXEK IN MODEu-1.THIS CALL TO EXEK READS IN PARAM..1ER CHANGIE
C CARDS AND TABLE DATA FOR SUBROUTINE FLOOK

CALL EXEK
RNDO.9
RNO.*
LINsG
IF(SAC*EQ*0.) GOTO 4000
CALL AERK
CALL THRUSK
CALL DYNK(LtN)
IF(SACeEQ.19) GOTO 1e
CALL LINK

10 CONTINUE
MODEuMODE*1

C
C CALL SUBROUTINES WITH 1400E0
C

CALL EXEK
CALL AERK
CALL THRUSK
CALL DYNK(LINI
MODF*MODE.1
IFfSACeEQ*1Il GOTO 600
CALL LINK

600 CONTINUE
MN=A( 131)

410 LINnO
C HIGH RATE LOOP FOR A/C NN ITEGRATION STEPS PER SEC.

0O 400 1=lNN
CALL THRUSK
CALL PILOT(RN)
CALL AERK
CALL DYNK(LIN)
CALL EXEK
IF(A(0041-.A(2741)7)TOZ7079703

702 CONTINUE
RNDu1.23

703 CONTINUE
IF(PND*NE60s) GOTO 450

Figure 15. ADAP 1 Main Program Input/Output Listing
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IF(A(001)eGE*A(283)) GOTO 450
400 CONTINUE

IF(SAC*EO*19) GOTO 750
CALL LINK

750 GOTO 410
450 CALL OOUMP(LW$

IF(SAC*EQ.1.) GOTO 751
CALL LINK

751 CONTINUE
C
C TEST FOR WEAPON SIMULATION FOLLOWING A/C SIMULATION
C
C SAVE X AND XDOT OF A/C

IF(SW*EGOeo. GOTO 1
DO 760 'Al3
11=1+6
12wJ+4 1

14=1+1

I1D.I+16
12Dw 1+44
13DwI+38
14D*1412
X(I ).A(112
X(1+3)wA(12)
X(I 6)wA(I3)
XC I+9)nA(14)

X0OTI I+3)wA( 120)
XDOT( 1+61wAl 13D)
XDOT( I+9)oAl 14D)I 760 CONTINUE

C
C PRINT TERMINAL A/C STATE AND DERIVATIVE
C

WRITE(LW*763)
763 FORMAT(IH1/7Xs2lH A/C STATE AT RELEASE/)

WRITE(LW*764) (X(IsIul,12!
764 FORMATI/4H U SE159894H V *E15.894H W 3E1598/4H P *EIS*8,4H 0 UEl5.

1894H R wE15.8/7H THETAxE15 WH PHI =E15*e#7H PSI sEI598/6H XE
2=E15*8v5H YE =E15*8*SH HE :F 568)
WRITE(LWv765) (XDOTlI)vIu1.12l

765 FORMAT(//SH UD =E1S.8*5H VD *E15*895r1 WD wE15*S/5H PD *El5.8,SH 00
1 =E1S.6.5H RD wE15*8/8H THETADwE15*68SH P1110 UE5*s.*)4 PSID *ElS
2@8/6H XED wE15*8v611 VED uE25*bv6H HED =EI~e8)
00 761 1-1,1000

761 AII)&Oe
MODE.-!

C

CALL E.

CTRED INVE A/C STATA

Figure 15. ADAP 1 Main Program Input/Output Listing (continued)
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1)0 762 1=1,3

A(12)=X(14.3)
A(I3)=X( 1+6)
Al 14)=X(1+9)

762 CONTINUE
4000 CONTINUE

RNDw0*
LINso
CALL WAERI(
CALL DYNK(LIN)
IF(SW*EQ*1.) GOTO 4001
CALL WLINK

4001 CONTINUE
MODF=MODE+1
CALL FXEK
CALL WAERK
CALL DYNK(LIN)
MODF=MODE+1
IF(SW*EO.1.) GUTO, 4002
CALL WLINK

4002 CONTINUE
NNvAI 131)

4010 LINsO
C
C HIGH RATE LOOP FOR WEAPON NN INTEGRATION STEPS PER SECOND
C

DO 4020 IulNN
CALL WAERK
CALL DYNK(LIN)
CALL EXEK
IF(A10041eGT*O.) GOTO 4020
A( 004)=209
RNCu1. I
GOTO 4025

4020 CONTINUE
4025 CONTINUE

IF(SW*EO.1*) GOTO 4031
CALL WKINKI

4031 CONTINUE
IF4RNO.EQ*0.) GOTO 47,10
A(00A)EO.
CALL OnUM','LW)
GOTO 1I
END

Figure 15. ADA? 1 Main Program Input/Output Listing (concluded)
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Table IX. ADAP I Subroutine Summary

Plow Program List of Vol. I
sut toDecito Diagram 7iat9n Symbol. fo"C

___ (FigurNo.) (r os No.) (Table No.) Ilef5uCeI i i-i
AMAP I Nonlinear almulation and linearization of 14 15 --- Sections 1-VII(Main Program) aircraft and weapon

DYNK Aircraft and weapon dynamlcr for siz 17 1 X pp. 21-41
derems a freedom

AERK Aerodynamic forces asad moments for 19 20 XII pp. Q-49
aircraft in .dy axes

WAIRK Aerodynamic forcs and moments for 21 22 XIV pp. 49-52
bomb

THRUSK Thrust forces and moments for aircraft 223 4 XV PP. 52-37
In body azes

WINDK Wind velocities for aircraft and weapon 25 26 XVI pp. 58-71
in body oaes

SENK Senior kinematics of aircraft 27 28 --- pp. 72-87

PILOT Trimming witb antopilot 28 S0 --- p. 124

NOMK* Nominal parameters by algebraic trim 31 --- --- pp. 111-12S

RE••K Nominal weapon relesse 32 --- ... pp. 10-186
LM Linearizat•n of alrcraft dynamics for 33 34 XVII pp. 88-104

six doegres of froedom

SLUMK Line r sation of aircraft *enaor kine- 35 36 --- p. 12-13
matice

WLINK Linearization ot weapon dyemtica for --- 37 --- ,pp. 88-10
six deogres of fredom

CEXK Executlve 38 39 --- ---

FLOOK Table input look-up and interpolation 40 41 XVIII

PREAD A-array parameter input 42 4: ... ...

PRINT A-arra7 print 44 4

DDUMP -array dsa dump 46 47: .1 . ... _

*Not implemented in this study.

40
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ADAP 1 SUBROUTINE STRUCTURE

Every subroutine used in ADAP 1 has the structure shown in Figure 16.

EIIVA
BLOCK

TEST MODE

o- Figure 16. Subroutine Structure

INPUTTING BY A ALUE RUNNINGINITIAL VALUES
THE MAIN COMPUTATIONS ONE STEPPROZU.AM AND ___

PARPAMETER
SETTING

PA~bRETURN

The mode flag is initially set by the main program. The mode flag starts
L -1 and is incremented in the main program by one on each pass through the
subroutine until it reaches 1. It stays at 1 until the end conditions are reached,
at which time it is set to -2.

ADAP 1 BASIC SUBROUTINES

Subroutine DYNK

Subroutine DYNK implements the model developed in Section III of
Volume I. It combines the externally applied forces and moments with the
aircraft kinematics and integrates the resulting differential equations of
motion. The external forces and moments consist of components due to
gravity, engine, steady-state and gusting wind, and aerodynamics. The
kinematics include all cross products of inertia, which means the aircraft
can be asymmetric about any axis. The subroutine assumes that aircraft
body axes are used. This means that forces, moments and distance supplied
as input are along aircraft body axes and likewise the outputs are with respect
to body axes.

The subroutine DYNK flow diagram is shown in Figure 17 and the pro-
gram listing in Figure 18. Symbols are listed and defined in Table X.

I
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II

COMPUTE
Y-22 1 BODY ACCELERATIONIs

01-ý (TEST IF LIN YE

ISET FLO-1" N

COMPUTE INITIAL COMPUTE E&,V
QUATERNION 3x(o)

COMPUTEOMPUTEA

MATRIX E (.) 4N

SETINERT
At4 -At/44

SET..-
COMPUTE 0 Eo4
CONVERSION YESCOPTE(t
FACTORS TEST IF FLO A

SET FIG COPT0401

COMPUTE INVERSE RMININGRSATESTH

INERTIA MATRIX D

TESTIF Lll -IV, Ua. v., w., a'q, , ra, V,

MACH, a, 0, ;, I

_ _ _ _ _ _ _ COMPUTE IN UNIT DEGREES

Figure 17. Subroutine DYNK Flow Diagram



SURROUTINF DYMK(LIN)

COMr4OI/ADAP/MODEA (1000)

CC** VARIABLE INPUTS *~

EQUIVALENCE (SOS *A(006)1, (FX tAI071119
I (FY 9A(077))91FZ *A(fl73)),(L #A(1)77))#
2 IM #A(078))9(N 9A(079))*(IX *A(0)83)19
3 (IY WA(R4WWIZ 9Al085)),(IXY 9A(09~6)19
4 (IYZ #A(087))9(IXZ 9A(088)19(DELT 9A(089))*
5 (6 9A4090)WMASS 9A(091))t
6 (FLG vA(094)19fUG ,A(1013),
7 (VG tAfl02)),(WG ,A(103)19(RLT 9A(600)19
8 (RMT PA(601)12(RNT ,A(602))*
9 (XT ,A(111))vtYT vA(113))t(ZT 9AI112))
A ,(PG *A(104))9(QG vA(IG5')vlRG *A(106))

C ***VARIARLE OUTPUTS **

C
EQUIVALENCE IX ,A(002fl,(Y *A(003119(H 9A(004)19
1 (MACH #A(G051),(U *A(007)19(V 9AI008119
2 (W ,A(0091)),UA *A(010))#(VA ,A(C11))t
3 (WA ,At0121),XDOT ,A(013)),(YDOT *A(1')4))v
4 IHDOT PA(015)),(VEL 9Al016))v(UDOT 9At017))9
5 IVDOT WA(18),WDOT #At019))v(ACGX PAtO20))*
6 (ACGY ,A(021flttACGZ 9A4022)I,(GAN 9A(0J281)9

7EQUIVALENCE A(30)PTH 9A31)

6 ,(W300 *A(067))v(WPDO *A(03388,(THDOT ,A(036))9
9 ~ ~ (pIADOT vA(03Ao),,(PSIDO~A(031)),(ELIN 02))

8 ,(ODOT1 #A(lO6fl,(PAO ,A(047)),(STH 9A(f081)3
9 ,(RA ,A(08?1)9()P(DL ,A(2650fl,(CHLT 9A(026))o

IF ((ODE 10,20, 058(13 A(5)vr3 A00)
10GI (FD.L.23 RFTURNE3 A02)#CH A,)6)

PH-.14592535 9791PI A(0)(SD A72)

Fiur 18.M Subroutine DYNK Program(OOT Listing
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pIcePI/16O0*
PICTNnl*0/PIC
RETURN

200 FIG a 1.0
GAME a GAM
IMOM a 0.00
SPHI4SSIt4(HI)

CPHINCOS(PHt)

CTH2 a COS(0.SOTH)
SPH? w SINC0.5*PHI)
CPH2 a COS(0eS*PH11
SP;2:P w02;::::;H..SS2.TH2CPH

CP2 a CSN(0*S*PSI)
wi a CPS2*CTH2*CPH2 + SPS2*STH2*SPH2

WIW2 wW1*W2
WIW3 aW1*W3

WZW4 a WZ*W4
W2W3 a W2*V3

WZ4 a (W2W4

W2S aWW

W3 a (WSWA F WO 2)2.

Ell* a&O (VISOZTMP +-2Q-WS 4O

*1 (IXZ3 + WIXYIY/)* TMP/D

Figur 18 SurutWn D-N Prgrm isin (onined



DA01 a DAP 2
DA02 a (1.0 - IXZOIXZOTMP6)/(JV*DK)
OA03 w (IYZ + IXZOIXY/IX).Tt4PS/OK
DARI n DAP3
DAR2 a DAQ3
DAR3 w (1.0 - IXY*IXY*TMP4)/(IZ*DK)

500 !F(LIN*EQ.1) GOTO 501
PDOTI a POOT
ODOTI a COOT
RDOTI a ROOT
UDOTI a UDOT
VOOTI a VOOT
WDOTI w WOOT
WIDOTI a WIDOT
W2DOT1 a MO0T
W300TI w MO0T
W400TI a WOrOT
XDOT1 a MOOT
YDOT1 a YOOT
HDOTI = HDOT
GOTO 550

502 ELII4O0.
501 ACGX a IXT+FX)/MASS

AC6Yn(YT+FY) /MASS
ACGZa (ZT*FZ) /MASS
LTaRLT4.L
MT*R14T4#
NT URNT+M
IF(LIN*EGOl GOTO 600
ST~eSINITH)
CTHuCOS(TH)
SPHI*SIN(PHII
CPH~sCOS(PH?)
SPSIsSINIPSI2
CPSISCOS(PSI)
E1IUCTH*CPSI
El2wCTH*SPSI
E21c-CPHI*SPSI4.SPHI*STH*CPSI
£22* CPHI*CPSJSPHI*STH*SPSI
E23a SPHI#CTH
E31. SPHI*SPSICPHI*STH*CPSI
E32w-SPHI*CPSI 4CPHI*STH*SPSI
£33w CPHIOCTH
SECTH a 1./CTN
TANIN a STHICTH
THDOO a CPHIaO.-SPHI*R
PHI DOT a PSPHI*TANTH*G+CPIEI*TANTH*R
PSIDOT u SPHI*SECTH.QCP"I*SECTH*R

600 DAI =LT + O*R*IIY - IZI - IYZ*(R*R - 0Q) + P*(IXZ*O IXY*R)
0A2 a K'T + R*(P*(IZ - IX) - IMOMI4- IXZ*(P*P - R*R) +.

I Q*(IXY*R - IYZ*P)
DA3 *NT + Q*IP*IIX - ZY) + IMOM) - IXY*(O*Q - P*P) +

R*(IYZ*P - IXZ*O)

Figure 18. Subroutine DYN4K Program Listing (coaxtnued)

45



C
C COMPUTATION OF BODY AXES VELOCITIES AND) ANGULAR ACCELERATIONS
C

UDOT 0 ACGX + G*Els - W*Q + V*R
VOOT a ACGY + 6*E?3 -U*R +' W*P
WOOT a ACGZ + G*E33 - V*P + U*Q
POOT N DAl*DAP1 + 0A2*DAP2 + DA3O*iAP3
GOOT a DAl*DAQ1 + DA2*DAO2 + DA3*DA03
ROOT a DAI*DAR1 + DA2*DAR2 + DA3*DAR3
AC 661 )=U/1969

C
C COMPUTE A/C VELOCITIES W.ReTe EARTH IN EARTH COORDINATES
C

XDOT a ElI*U+E21*V+E31*W
VOOT u E12*U+E22*V+E32*W
HOOT a-E13*tJ-E23*V-E33*W
IF(LIN*EQ~l) GOTO 2000
WIDOT a -P*W2 - O*W3 -R*W4

!W2D0T a P*WI + R*W3 QW
W300T a O'Wl - R*W2 + P*W4
W4DOT w R*W1 +' Q*W2 - P*W3
IF(MODE*EO*O) RETURN

C

C
wi w Wi + DELT4*(3*0*WlDOT - WIDOTi)
W12 a W2 +' DELT4*(3*0*WOOT - W200TI1
W3 = W3 + DELT4*13*0*W3DOT - W300TI)
W4 a W4 + DELT4*(3*0*Wc4DOT - W4D0Tl)

C
C COMPUTE EARTH TO BODY ROTATION MATRIX (E)
C
1000 WlW2 v W1*W2

WiW3 a W1*W3WWI a!!2*I
FNORM = 1./OT3iO*W24+ 3Q+ 4Q
WIs a W1#FNOR
W2S a W2#FNOR
W3S a W3*FNOR
114S a W4*FNOR
EliR a Wi,/OTWSO +' W2SO + W3SO W4SQ)

EW2 w (W2*FNOWW4)2.

W13 a (W3W4- WN 'U2.
W41 a 1W4W3*F WWA)2.
Ell 0 (WISO + W2SO - W3SQ - W4SO)

E23 a (W3W4 +' W1W7)*2eO

E31 0 (W2WI. + WIWS)*2*0

Figure 18. Subroutine DYNK Program Listing (continued)
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F32 u (W3W4 - W1WP)*7*O
F3 (WiSO - W7SO - Vf'3S0 + t'I4SOI

ARG2a SQRT11.-13*FM3
THO-ATAN2(EI39ARG2)
GOTO 2016

PO15 F13uABS(Ell)/F13
2016 CONTINUE

PHI a ATA.NM2(E2333)
IF (PHI*GT*391A15911 PHI a PHI - 6.283186
5PM! w SINIPHI)
CPHI a COS(PHI)
PSI a ATAN2(E12*Ell)
IF (PSI*GT93e14I593) PSI a PSI - 6*.263186

C INTFGRATE BODY VELOCITIES AND ANGULAIfl ACCFLERATIONS

C
t) w U + DHDLT*I39O*tUIflT - UDOTI)
V a V + DHDLTW(S*O*VnOT - VDOTI)
W a W + DHDLT*(3.*0*!flOT - WDOT1
P a P + nDOLT*i3*O*PDOT - PDOT1)
0 a0 + DHOLT*(3*0O*DOT - ODOMi
R a R + DHDLT*(39O*RDOT - RDOT11

C
C INTEGRATE FARTH VELOCITIES
C

x a X + DHDLT*43*0*XDOT - XDOT1)
Y Y+ 4DLT*(I*0*YDOT - YDOTI)I

H 0 H + DHDLT*(390*HDOT - HDOTI)
CHI w ATAN2(YDOT*XDOT)
IF (CHI*GT*3*141591) CHI a CHI - 6.283186
GAM a ATAN (HOOT/SORT(XDOT*XDOT + YOOT*YnOT))

C INCORPORATE WIND COMPONENTS

UA a U - G

VA a V -VG

PA-P-PG
RA*R-RG
TMPI a UA*UA + WA*WA
TMP? a SQRT(TMPl)

ALDOTa (UAWDO + WA*UDV/TP
BETOO a SQITMP1.DT-V3u'uO AWO)))M2T4

TAL a ATH#PICIN U

GAMO a GA*PICIN

Figure 18. Subroutine DYNK Program Listing (continued)
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RrDnTr a RIDOT*PJC!N
Qr)OTD a QDOT*PICIM
PDQTD *PDOT*PICIN
AID a AL4PICIN
BETfl BET*P!CIN
GAMOTD a CSAM1)OTOPICIN
ALDOTD = ALDOT*PICIN
I8FTDTD aBEYDOT*PICIN
P1) a P*PICIN
OD~ a O*PIC!N
RD a R*P!CIN
CH!D a CHI*P!CTN
RETURN

2000 CONTINUE
RETURN
END

Figure 18. Subroutine DYNK Program Listing (concluded)
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Subroutine AERK

Subroutine AERK implements the model developed in Section IV of
Volume I. It is used to generate aircraft nonlinear aerodynamics, i.e., aero-
dynamics which are a function ,A' empirical curves. A general-purpose sub-
routine to perform this function is impossible because there is no standard
form for specifying nonlinear aerodynamics. However, this problem is re-
duced to its simplest form in ADAPS. The user just encodes his particular
form of aerodynamic equations into subroutine AERK and sets up his aero-
dynamic data in function look-up form (Appendix I).

Aircraft coefficients and their look-up representations are listed in
Table XI. The subroutine AERK flow diagram is shown in Figure 19 and the
program listing in Figure 20. Symbols are defined in Table XII.

Subroutine WAERK

Subroutine WAERK implements the model developed in Section IV of
Volume I. It is used to generate we pon nonlinear aerodynamics. In general,
the user must encode his particular form of weapon aerodynamic equations
into subroutine WAERK and must set up his weapon aerodynamic data in
function look-up form (Appendix I).

Bomb aerodynamic coefficients and their look-up representations are
listed in Table XIII. The subroutine WAERK flow diagram is shown in Fig-
ure 21 and the program listing in Figure 22. Symbols are listed in Table XIV.

Subroutine THRUSK

Subroutine THRUSK implements the model developed in Section IV of
Volume I. It generates total forces and moments along aircraft body axes
produced by the thrusters on the aircraft. In addition to two main jet engines,
three thrust points are provided in the subroutine for simulating the vernier
thrusting in high-performance aircraft.

The subroutine THRUSK flow diagram is shown in Figure 23 and the pro-
gram listing in Figure 24. Symbols are listed in Table XV.
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Table XI. Representation of Aircraft Coefficients in Stability Axes

'Look-Up 1I
Coefficient jRepresentation Mnemonic Units

C L(M ash, a W I0  ,3 7

Cq ah F2(2, 1) CZQ per radian

C. (h, Ma F3(2, 1) CZALDT per radian%

CL (h, a0  a F4 (2, 3, 1) CLDS per degreei CL (h, Ma) F5(2, 1) CLDSP per degree

C (h, M )F6(2, 1) CLDA per degree
L a

CLab . RepMa) F7(3, 1) CLDSB per degree

6sB

CL (a,•) F8(3) CLDLG
8LG

CD(Pow Ma) F9(41, 5) CD

CzD(h,8 CLMa) FlO(6, 5,) CZADDSB rdan,

CD (CL) F4(,) CaLD

L0
C (M ,ha ) F 10(6, 5, 3) CMCAB

SCm (hMa) F5132, 1) CMQS per rdiane

Cm (h, M) F61(2, 1) CMLDT per rdiane
8a __ _ _

D sB' L a

CL (C°w) F81(5) CLDLG
8LG •

06

C (mc a, h, F) F12(1, 2, 3) CMCA

C m(h, Ma F13(2, 1) CMQ per radian

Cm(h, Ma F 14 (2, 1) CMALDT per radian
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Table XI. Representation of Aircraft Coefficients
in Stability Axes (continued)

Coefficient Look-Up Mnemonic UnitsCoeffcientRepresentation

Cm (h, 0 w, Ma) F15(2, 3, 1) CMDS per degree

C (
m I wO h Ma) F16(3, 2, 1) CMDSP per degree

spS

Cm (aw hMa) F17(3, 2, 1) CMDA per degree J
5a

Cm (Ma, a 0 w) F18(3, 1) CMDSB per degree

)sB I

C (a%) F19(3) CMDLG
In w

8 LG

C (a h Ma) F20(3, 2, 1) CYBET per degreew a
y'4

C (a0  h,hMa) F21(3,2, 1) CYR per radian

Cyp(h, ow. Ma) F22(2,3, 1) CYP per radian

C (Ma) F23(1) CYDSP per degree

sp

C (Ma) F24(1) CYDA per degreea
Ya,

C (h, M a) F25(2, 1) CYDR per degree

a
>r

Cn(rwo ,h,M a) F26(3,2, 1) CNBET per degree

C nr(Mao h, W) F27(3,2, 1) CNR per radian
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Table XI. Representation of Aircraft Coefficients
in Stability Axes (continued)

Coefficient Look-Up Mnemonic Units
Representation

Cnp(h, a*°w, Ma) F2 8(2, 3, 1) CNP per radian

C (a 0 'M) F29(3, 1) CNDSP per degreena w a
sp

C (a ,h, Ma) F30(3, 2, 1) CNDA per degree
n a w a

I

Cn (h, Ma) F31(2, 1) CNDR per radian
ar

C1 (et°w, h, Ma) F32(3, 2, 1) CLLBET per degree

Clr°w h, Ma) F33(3, 2, 1) CLLR per radian
r

C1 (a 0 w, h, Ma) F34(3, 2, 1) CLLP per radianlp

C1  (°w, h, Ma) F35(3,2, I) €7.LLDSP per degreesP

0
C1  (a h, Ma) F36(3, 2, 1) CLLDA per degree

a6

C (aO wh,M a) F371(3, 2, 1) CLLDR per degree

X (Y wt) F45(10, 15) XCG inchesc. g. trm'

Z trm' wt) F46(10, 15) ZCG inches
c. g. r

Ytrm' Wt) F47(10, 15) IX slug/ft2

Iy(Y trm, wt) F48(10, 15) IY slug/ft2
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Table XI. Representation of Aircraft Coefficients
in Stability Axes (concluded)

Coefficient Look-Up Mnemonic Units
o Representation i .I.

I (YtrmW) F49(10, 15) Iz ' slugl ft 2

I xz(Y trm, WT) F50010, 15) IXZ slug/ft 2

p(h) F53(2) RHO lbs/ft3

a(h) F54(2) SOS ft! -ec

Argument Look-Up Mnemonic Units
Representation Units

M V(1) Mach

h V(2) H feet

a 0 V(3) AL+I1 0  degree

Power V(4) POWER per unit

C, V(5) CL

6 sb V(6) YDSB degree

V(7) YDS degree

wt V(15) WT pounds
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II

I

2 ENTER

MODE

S I

640

SETSE POWER-

VLOOK-UP ,

Figure 9. Subrutine AER FO•"DYNAMIC
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CONTINUE

COMPUTE

COMPUTE we F,? P'. Vae M., hi

LOOK-UP

SET CL* Y~bCLah.)
LOOK-UP COM JTEu

C OM ,C @M,),C (,.- ew .CL k Ma) PIS s

CL O%, Ma), CL8 ww MA), CL6 (. ) COpW0, Mae CL)-
SE agCOMPUTE TOTAL FORCE A

C0D(8,&. CL. Ma)'C 1C0 CL.0CcaMa k0 ) C*OMa) [ j 1CL

C k O~Ma),C. k O.4 Ma), C, Ww h A) C, CwiI e Ma)
& 06sp

W.)C CJCC IiM6Ca.iU COMPUTE FORCES IN
s .,W p b STABILITY AXES TRANSF

Cyp @ew Ma), C Ma~pW), CY6, OA) CN Y6,4 MA), Cnp2C.i -i. Ma) [TO BODY AXES

Crwa.II4 F)lCn*k Owl Ma) C "C4 r, Ms), CR6(e C,*Ma)

C lC w.h A,.lwkM) CP.',, k. Ma) COPUTE MOMENTS IN
Rat@ Mae C1p, Ii aeCC, 'C STABILITY AXES TRANSFORMI

Figure 19. Subroutine AERK Flo-. Diagram (concluded)
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SURPOUTINE AFRK
r)IMFNSION XT(2)
COMMON/ADAP/14OOEtAt1000)
')IMFNSTON V(20)9F(81'

C ~**PARAME'TFR IN~PUTS *~

FEQUIVALENCE (SOS 9AI006)19(G 9A(090fl,(MASS *A(091))R
1 (RHO 9'A114))9(8 PA(115fl,(C PA(ll6fli
2 (S 9AI117)) ,(WT 9A(716))
3 .(XCA 9A1579)WYCA 9A(--9U$l,(ZCA vA(581))
4 9 (YTRM 9A(651s)

C
C ***VARIAflLF IMPUTS **

EQUIVALENCE (H *A(004))fW-'¶PH *A(001)3,(VEL ,A(016))t
I (AL iA(O?9fl,(RFT ,A(0303),(ALDT #A(()5711#
2 (PA *A(080fl,(OA *A((081fl),

5 fYLG #A(64811,
6 (XT(1I 9,A(559~),(ALD PA(7863) I
7 (I3ETD vA(707))9(LJG *A( 0I ) ,WG ,A(1o3ll
a 9(VG *AC1O211#PG ,A(104)1,(QG ,A(105))t
9 (R6 *A(1068,*(U 9A(007yn,(VSIDE 9A(:(JC8))*
A (W *A(009))*1P 9A(042))h(0 *A(tu43))v

( R *A(0441))(UDOT #A(017)19
C IWDOT OA(019))

- 2 C ****VARIARLF OUTPUTS **

.1EGUIVALENCE (UA *ACO1O))*(WA *A(012))h
I IGBAR *Af0703))o(FX *A(o71)),(FY 9A(t'72))v
2 (F?. 9A(073)!#4L *A(077)),(M 9A(078)1*
3 (N 9ACO791)s(IX ,AýO83))*CIY 9AC-J84))t
4 (Iz 9ACO,55),CIXY vA(O86n,9(xYZ *Acia7)lp
5 (IXZ P.A(0881),(XCG 9A(611))*CZCG #A(612))

* C *IDXCAA(095)),(DYCAA(096)),CozcA.A(097))v
7 CFXS 9Ail48))9(FYS oAt149flCFZS 9A115021.
8 (LS tAil5I))p(MS ,AC15?)),(NS *AC15I)l

C
C ***FUNCTIONS *~

EOUIVALENCc~ (CL *F(O1)),(CZ(J ,F(O2)I1.(CZALDT9F(O3)1#
1 (CLDS *F(O4))*(CLDSP ,F(05))v(CLDA PFCU6fl,
2 (CLnSB 9F(07)hC(CLIDLG PFCO8~).#Crn *FCO91)t
3 ICC'DSB PFQj0?).CWtLG 9F(11))(CcMCA *F(12))*
4 (CMQ #F(13))vfCMALDT9FC14))v(CMDS 9F(15))t
5 (CMDSP 9Ff16l;vfCMDA -F(173)tCCMt)SL 9F(18))v
6 (CMDLG *Ft19))t(CYBE'T 9FC2O1)).CYR 9F(21#19I(CYDR: -F(25))vCCNBET vFC26))#,WNR *(7)

7(CYP 9F(!R)),(CCDSP ,Ff29))9(CYDA 9FC24fl.

Figure 20. Subroutine AF.RI Program Listing
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5 (CLIP 9F(34)3h(CLLDSPvF(35) ),(CLLDA *F(36fl,
C (CLLnR 9F(37))
RFAL LMNLSMSNSIX. ~IYZJXY. IYV.-IXZtr'ASS,9ACH
IFIMODF3 10092009500

100 IF(MODE*LE*-2) RETURN
P1=30 41592653589793
PICwPJ/180*
PlC INWl./PIC
Cfl2wC*. S

I iPI'TURN
700 CO)NTTNI#t2

500 CONTINUE
SUMXT=XT(1 3+XT(2)
IF(SUMXTeGTe100*) n.OTO 510
POWFRuO.
GOTO 520,

510 POWFRu1.
520 CONTINUE

C-
C PEJRFOPM LOOK UP
C

C WEIGHTS AND MOMEN"T OF INFRTIA

CALL FLOOKIVtF953954)
RHOwF(331
SOS=F(54)
HAS S.WT/G
v( 1oiwYTRM
V(1'51=11T
[FE RNDM)60095509600

550 CALL FLOOK(VtF*45*50)
XC~nF(45)
ZC~nF(461
ZCA*-ZCG

C
C POSITION VECTOR OF A.C.
C

1)XCA w(XCG + XCA)/12*
"~YlCA * YCA/I12.
DZCA =(ZCG + ZCA)/12.
IX oF(47)

IF MCH EQ*0*0 MAH aVEL SO

lIAwlIAS*SIN( AL)
ltUA+UC-

Figure 20. Subroutine AERK Program Listing (contir'ued)
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VS! rW.VA+VG
W*WA4WG
RNnmwi,

600 CONTINUE
UAwUUUG
VA-VS IDE-VG
WA. W-WG
PAuP-PG
OAuGO-G
RAM R-RG
UAS=SQRT(UA*LJAWA*WA)
ALUATAN2(WA*UA)
ALD'.AI*PICIN
RETOATAN?( VA ,UASI
8ETDs8Fl~*PIC! N
VELaSQRT(UA*UAVA*VAWA*WA)ki ?4ACHaVEL/SOS
ALDT. (UA*WDOT-WA*UDOT / (UA""*UASI
V(13aI4ACH
V(3)*ALD+lo
-4~iL FLOOK(VvFv1,1)
V4inwPOWER
VW")uCL

CALL FLOOK(V9F,2937)
C

DO 525 1=1.37
525 AISOO*1)=FfI)

WAAR o*5*RHO*VFL*VFL

CC QARSwOBAR*S OFICET

UAS COSAL*U4ALW

PAS a CAL*PA+SAL*RA
OAS a OA
RAS a-SAL*PA.CAL*RA
CKl a OD2/UAS
CK2 a CD2/UAS
CAD a CIK2*ALDT
C'RD a CK1*8ETD
CP a CKIOPAS
CO a CK2*OAS
CR a CKI*RAS
AYSPw I.BSIYSP)
AYDAn ABS(YDA)

C
SUMCD a CD + CDDSF5 + C0DLG*YLG

C
SUMCY a CYBET*BETD + CYPOCP + CYROCR 4 CYDA*Y0)A + CYDR4YDR *CYDSP

1*YSp
C

Figure 20. Subroutine ARRK Prograim Listing (continued)
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SUMCL aCL- CZALDT*CAD CZO*CO + CLDA*AYDA + CLDS*YOS *CLDSP*AY
ISP + CLDS8*YS8 + CLULGIIYLG

C
SUMCLL* CLLSET*BETD + CLLP*CP + CLLR*CR + CLLOA*YDA + CLLDR*YDR +

ICLLDSP*YSP

V. C SUMCMCAs CMCA + CMALDT*CAD + CMO*CQ + CMDA*Y[DA + CI~r)S*YDS + CMDSP*
CIYSP + CMDSS0YS8 + CMDLG*YLG

SUMCN a CNBFT*BETD + CNPVCP + CMR*CfZ + CNDA*YDA + CPNDR*YDR + 4 'S
I*YSP

C
C FORCFS IN STARILITY AXES-
C

FXS a -QBARS*SUMCD
FYS a Oj3ARS*SUMCY

FSa -QqARS*SUMCL
C TRANSFORM TO BODY AXES
C

MOET NCLTYAE TAC
FX a FXS*CAL-FZS*SAL
FY a FY5
FZ a FXS*SAL+FZS*CAL

C
C MOMENTS IN4BROD AXE AXE AT G.~
C

MS a LSCALS*CSAL-DZCA'F4YAF

M m MS4OZCAeFX-DYCA*FZ
* N w LS*.SALNS*CAL-OYCA*FX+DXCA*FY

RETURN
END

* Figure 20. Subroutine AEIUC Program. Listing (concluded)
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Table XIII. Representation of Bomb Aerodynamic
Coefficients in Cross-Velocity Axes

Coefficient Look-Up Mnemonic Units
_ _ _ _I Representation I _ _,, ,

I CN(a°, Ma) F75(3, 1) CN
!^0

( CN (oiMa) F76(3, 1) CNDEL per degree

* ~CA(Ma} F77(i) CA

Sm(CIM) F78(3, 1) CM

Cr q(;°, M) F79(3, 1) CMQ per degree

Cm (a° Ma) F80(3, 1) CMDEL per degree

Look-Up Mnemonic Units
Argument Representation MnemonicUnits

M V(l) MACH

h V(2) H feet

^0
a1 V(3) ALFH degrees
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TEST ;•P, IOEI-a2
0 0

INITIAL SETTING CUtT
AND COPUrTA- v. , v&
TKIOS &1* 0*102

LOOK-UP
p. a

COPV.TE UMAC,,

LOCK-UP
C1, U), C,,•.,), CAT(& M)

STORE TABLE VALUES IN
A-ARRAYS

COMPUTE XECYzC

COMPUTE EC, ~ECm zCn

C OMPUTE AERODYNAMIW

FORCES X. Y, Z

SCOMPUTE AERODYNAMIC

MOMENTS L. M, N

Figure 21. Subroutine WAERK Flow Diagram
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SUnROUTINF VAF.RK
COMMON/ADAP/MODEA( 1000)
flIMFNSION VSTf20)9F(60)
EQUIVALENCE (U 9AI007))#(V 9A(OO81)),W *A4009)19
A (LEG *A(1Q1)19(VG .A(1023)9(,EG 9A(1u3)1*

1 ~(a *A(043119(R A441
2 (DM80 ,A(294)),(DELTAZ.A(263)),(DELTAYA(2641))
3 CH 9A(004))*(RHO 9A(114))P(.MACH 9A(OO5))t
4 (SOS ,A(0061).(QAR &A07Ofla(L *A(077))*
5 (14 9A107A)),N *A(079))t(X 9A(071)),
6 (Y A(072)19(Z *A(073))
REAL LMvN.I4ACH
IF(f400E) 0092009?00

100 IFt MO0F.LE*-2 )RETURN
Plu.el414592653589793
PICUPI /180.
PICINa1./PIC
gS.PI *RMB0*RMES0**25

RETURN
200 CONTINUE

UAwU-UG
VAwV-VG
IAuW-WG
VCAsSORT (VA' VA+WA*WA)
DELTA~uSORT (DELTAZ*DELTAZDFLTAY*VELTAY)
VTAnSORT(VCA*VCAUA*UA)
ALFH mATAN2(VCAUA)
PHI uATAN2 EVA*WA)
CPHIsCOS(PHI$
SPHIsSI4( PHI)
PH12eATAN2(-R9Q)
CPH12wCOS(PHl2)
SPH12=SINIPHI2i
QCuSORT(0*O *R*R)
ALFHD*ALFK*P IC! N
XYZ*BMBDD'C*. 5/VTA
VST(2 )nH
CALL FLOOK(VST*F*53,541
RHOwF(53)
SOSwF(54)
MACH. VTA/SOS
ORARaoS*RHO*VTA*VTA
VST( 1)aMACH

C TAKE OUT
SIGN. 1.
IF(ALFHD6'LT*0.) SIGNu-1.
IF(ALFHD*LT*-4*) ALFHD*-4*
VSTf3 )wABSfALFHD)
CALL FLOOK(VSTF975*80l
CN=SIGN'FI 75)
CMO.F('79)
CNOFLuSIO?*F (76)
CMDELoSIGNO~eol80

]Figure 22. Subroutine WAERK Program Listing
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CMwSIGN*F(78)
f* TAKF OUT

CA nF(77)
At 875 )=CN
A(876)rCNflFL
At 877 luCA
A48781mCM
At 879)uCMO
Al8801mCMOFL
A(881)uPH12
A(882W.HI
SUMCXn-CA
SUMCYnSPHI*l -Ct-CNDEL*DELTAH)

SUMCZnCPHI*(C-CN-CN'~aL*DELTAH)
SUMCLwO*
SUNCMSCPHI*t CF+CMDEL*DFLTAH )+CPH12*CM4Q4XYZ
SUMCNs%-SPHI* ICM+CMDfEL*DELTAH)-SPH1 Z*CMGOXYZ
OIBARSSuflARRS
(2RARSfluQBARS*9Rn4f
XnQLBARS*SU4C X
YUof3ARS*SUMCY
ZoO8ARS*SU?4CZ
LoQBARSD*S*JMCI.
MaGRARSD*SUPCM
NnQBARSD*SUMCN
RETURN
END

Figure 22. Subroutine WAERK Program Listing (concluded)
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SUYRROUTZ4E THRUSK

DIMENSION XEX(5)eYEX(5h*ZEX(5),OXEX(5).OYEX(5),iDZEX(5),XTH(51,

IXAD(51,XErD(53,YTH(5),YAD(5).YED(5).YABI5IYEB(5),YTB(2.5),CTI4(2.5)
2yEl(2#5),E2(2g5)gB(3*5)g9H(3s5)

C

EQUIVALENCE IXEX(Il) vA(50I))#(YEX(1) vAf506)1,(ZEX(1I 9AIS11))
1r I vXCG *Atb11)lpfZCG sA1612))91ANTD *A(516)1

2 (AMEX *A(51711,(YTS(1.1),A(518)) ,(CTH(1.1)tA(528)I
9 (E1(1,1).A(5361).(E2(11,1),A(548) ) (Eo WSW))

COUIVALEMCE (H sAIOO4)19(MACH vA(005))9fXTH(1) DA(Wlt)

C *00 VARIABLE OUTPUTS *

EQUIVALENCE fXT WA11111PZT *AfS1z)?9YT 9A(11$)i
I PILT *A(6O0119(MT PA16O1119WN 9A(602))

2 ,(YTH(llsAf5?4?1
REAL LT*MT*NT.MACH
FII(ODE 11009 2000300

100 IP(NODE*LE*-2) RETURN
PI*3*141592693989793 I
PICSPI/iSO.

* XTOW90o
EQ 6.000029
NTDOANTD

* NEXeANEX
RETURN

200 DO210 Js9E
DXEXIJINIXCG+XEX(Jt)f'2*
DYEX(J)UwYEtX(J) )/I2*

210 DZEXlIeJCG1TlJ)12*

A(09S1.DZEX( 1)
IP(NTD*NE*O) RETURN

* 010 220 Je1.1IX
XAD(J~nO*

220 XED(J)n0.

300 C:~.1.I;,EX0

IFlXTHfJl-XTO)302#303S*03
302 ValI

60TO W0
303 KPw2
304 C~w1..ElfKP9J)4WACH M

C2s1.462tKP9J)#MACH

Figure 24. Subroutine THRUSK Program Listing
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310 YTH(J)uC0*(C2*YTU(KPJt4.C2(*.-..(KPJ)*IXTH(J)..KTO))

YTH12) a A1142)
* IF(NTO.EQO.) GOTO 20(,

* 1000 D0 16~10 Ju1.ft'"'
YA0(J)uYAVR(J)+XA0(JI
YED(J)mYE0(J)+XED(J)
RADwYADI J)*PIC
RF~'tuYFDt J)*PIC

* I CYAnoCOSIRAI)
SYA'ý -SI N(RAMl
C.YE!; -COS (RFD I

9(" G SYAý`
1010 RfI; -CYAr%ýSYFJ'

Do Jul -.ýx

10?0 BH(I*J)=DXEXIJ ") .'J)-DYEXfJ',*f(19JI

A(SQ6) m 9~(192)
A(597) a 04392)
A1598) a OH12*7'
YTHI1)uA(l4l)
YTH(2)=A(147)
IFIMOOF*EO*O) RETURN

2000 XTuoe
YTwoe
ZT=0*

LTufi.
MTmu04

YTaYTB(?tJ)*YTH(J)
ZT=ZT48(3*JY*YTH(J)
LTuLT4BH(1,J)4YTHt JI
MTuMT4U*I(2,J) *YTH(J)

2010 NT*NT,8H13,J)*YTHIJ)
RETORN
FND

Figure 24. Subroutine THRUSK Program Listing (concluded)
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Subroutine WINDK

Subroutine WINDK implements the model developed in Section IV ofVolume 1. It generates the mean-wind and the wind-gust velocities along the

aircraft and weapon body axes.

The subroutine WINDK flow diagram is shown in Figure 25 a J the pro-
gram listing in Figure 26. Symbols are listed in Table XVI.

Subroutine SENK

Subroutine SENK implements the model developed in Section V of Vol-
ume I. It generates the sensed-output signals at various points on the air-

craft in terms of aircraft states and their derivatives.

The subroutine SENK flow diagram is shown in Figure 27 and the pro-
gram listing in Figure 28.

, Subroutine PILOT

Subroutine PILOT implements the model developed in Section VII of
Volume I. It generates the stabilator (i. e., elevator) signal to keep the air-
craft along a dive and/or pull-up path.

The subroutine PILOT flow diagrum is shown in Figure 29 and the pro-
gram listing in Figure 30.

Subroutine NOMK

Subroutine NOMK is assigned to generate the nominal (trim) parameters
by algebraic approach developed in Section VII of Volume I. It has not been
programmed in this work (trimming is done by PILOT). This subroutine
when programmed should provide more accurate values for the nominal tra-
jectory and the trim profile. The subroutine NOMK flow diagram is shown
In Figure 31.

Subroutine RELK

Subroutine RELK generates the nominal release time of the weapon for
the dive and pull-up maneuver as described in Appendix II of Volume I.
Since the weapon release model depends heavily on the fire control system
used in the aircraft, it must be written separately by the user. The sub-
routine RELK flow diagram is shown in Figure 32.
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STEST.ODE

TEST IFIACW$ "D YES

L. 1

FiguRe 25.UT Surutn.2NKFlwDiga

C(OMPUTE •

TETI ha15 YES

I ~ (TEST IF hita 100

L W

COMPUTE WIND |
FILTER COEFFICIENTt

[CONSTRUCT

WRITE TIME,

Figure 25. Subroutine WINDK Flow Diagram
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SUBROUTINE WINDK(FWvGW9HW)
COMMOI4/ADAP/MODfEA( 1000)
DIMENSION FW(8v3)9GW(8o4l9,HW(6*8)
EQUIVALENCE WU PA(007))t(V 9A(OC.Sfl,(W *A1OO9fl,
I (PS18 9A(290))91THETABoA(?91))9(H ,A(U041l,
2 INNAUT ,Ai292)),(VFlNAUJT2A(293)),o(Fll #A(05)519~
3 (E21 VA(O55)WE31 9A(0561)).E12 9A(057)19
4 (F? A(05))E32 vAf059))91E13 9A(060))t
5 QE23 WA061l)iel33 #A(062))*(IR sA(115))t

6 (9MBI) PA(294))

FOEUIVALENCE (UH WA295))PIVO ,A(796fl,(WA #A(2971l.
1(USA OA(298)11(VRA voAf299fl,(WfkA ,A(300)19

2 (VRARA 9A(3013)9(SIGU *A(302))9(SI6V 9A(303119,
3 l53GW 1A;304)),AU #A(305))9(AV *A(306))*
4 (AW OA(307)19(AP 9A(308)WAQ 9A(30j9)19
5 IAR 9A(310)),(VELl3,A(Z88))
REAL t.WoLU*LV
IFMODE) 100 ,200.200

100 IF(MO'DEoLE*-2) RFTURN
PI.3.141592r,5
LWR09
DO 101 1u1,8
DO 102 J=198

102 FW(I(!J)*Oo
DO 103 -1.1,4

103 GW(19J)uO*
D, 101 J=196

101 HW(JtJ)u0.
EX3wl*/3e
RETURN

200 IF(A(998)*FO*0.) GOTO 204
RP~ng
GOTO P05

204 R~u'qMRt
205 HR=H/HNAUT

VELRuVBNAUT* (HR )***25
CPSOCOS(PStsl)
SPR*$INIPSIR)
CTBwCOS( iHETAB)
STBwSIN(THETAB)
C1.CTROCPR*VELfl
C2=CTR*SPB*V ELI3
C3*-STR*VELq
UBuX 1*C1.E1 2*C2+F13*C~l
V~nF224C1.f' 2*C2+F2'3*r3
WSFluFl*Cl+.E320C2+F33*C3
UvjAwU-UB
VRAAV-VB
WiAuwW-WB
VBARAnSQRT IU8A*UBAVRA*V1nA+WDA*WBAI
HL aH
IF(H*GEo1750*) GOTO 201
IF(H&GE*100*) GOTO 210
4Lul100.

Figure 26. Subroutine W2INDK Program Listing
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210 LW-HL
LU814%5*IML ,**FX3
LVIBLU
GOTO 202

201 K44.1750
LWwHL
LtD.HL
LVaHL

202 CONTINUEI ~ SIG~iulO.25-.1.25*ALOG10(HL)
SIGU.SORT1LU/LW)*SIGW
SIVw~S0RTfLV/LW)*5JGW

AUaVRARA/LU

AVwVRARA /LVI

AR. VAARA*Pt/ ( R*3*)
ISU*SIGU*S0RT(I2.*AU/Pi~
R2VwSI(AV*SQRT(AV*3*/PI 3
B1V*AV*62V/SQRT(3o)
AlVuAV*AV
A2V&2**AV
R2W*SIGW*SQRT(A¶W*3*/Pl)
4111aAW*f32W/5QRT(?*)
A1WwAW*AW
A2W=2o*AW
XYZzfP!*Lwff6B14*) )**pXj
XYZn5ORTG8#XYZ )*AP
rIP. MGW'SQRTII10/ (LW*VARAR))*Y
00*O~A/VE3ARA

)R sA R /VBARA
qRwAR*ORI
FW( 1,13-AU
FW( 7,? e.A2V

FW( 3#33*-A2w W22)1
FW(3,53u1. HW 13.3).1 *
FW(4*2)u-AIV HW(3*6)s1*
FW(5v3)u-Alw H(*)I
FW( 6961-AP HW15wbul.
FW( 797).-AQ HW(E,,8)w1qFW4(898)8-AR 302 FORMATW/)
FWf793).!1G WRJTE(LWRv300jA~u
FW(9#2)uflR 300 FORMAT(1I1/7Xv6H~ TIMFNF12*5/1
GV1 (101) UBU WRITE(LWR*3011
GWf?,2)wn2V 301 FORMATI/18H~ MATRICES Ftf*GW*HW//3
OWl ,3)uBW CALL MP18,B,68*FWvLWR1
GW(A,2)uBIv WRITEILWR*3021

Gw(q3)"2wCALL VP(6,',649Gv49GLWR1
CGW(5,1)uRn w IRITE"LWRO02)
H(W649tiP00 CALL MPf666986*gHW#LWR1

H~f6*)wDRPETURN
HW (6.2)wDR FND

Figure 26. Subroutine WINDK Program Listing (concluded)
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ENTER

TEST MODE

-- 2
01 0 COMPUTE

R I -(ORR) - (DO)0)

COMPUTE
RIt I - M 2)XDRA) 0 qj_ _

COMUT * i+WQ2)k OPT

COMPUTE YP~)l~(i3)
R2 - CW(23)ORA YRPSC2)- ATAN(R1(2)/Ri(1)1

YRSPC3) - ATAN(Ri(3)/XYZ)

f?- +(W(X2DRl2 COMPUTE

IkSTHR * SIN(YPRS(3))
COMPUTE CTHR , COS(YPRS(3D)
YiSD - (EAXRi) SPSIR -SIN(YPRS(2))

CSRCOSCYPRS(2))

COMPUTE
Y2SO - (ECMEGD)OC 20) COMPUTE

C M U EER- r GTH jP W . fCTqp jA IR? IH
COMPUTE

VIS- (CYXRl) COMPUTE
IRi *Xl +(WO(2))DRR

COMPUTE 1
Y2S - (EOMEG)OC2) COMPUTE

R2 -(ERXRI)

E10



SUPROUTINE SENK
COMMON/AOAP/MODEtA( 1000)
DIMENSION EAi3.3),EV(3,3),ECO?4EG(3933,EOt4EGf3,3),EOMEGD(3.3),DRA(3
1) .DRV(5) .ORR(3) oYjS(I) Y2S( 3),Y3S( 3) ,Y1SD(3) Y2SD( 3) ,YRPS( 3) ,YRVSI
23),XI(3)9X2(3),X3(3),X4(3),XlD(31,X2D(3),R1(3),R2(3),E(3,3),ER(393
3)
EQUIVALENCE (EA(Il1),A(391) I,(EV(1,1),A(400)) ,(ECOMEG(1.11 ,A(409)I

2 (0RAI1),At436)),(DRV(1),A(439) ),(DRR(1),A(442)),
3 (Y1S(1),A1311)),(Y2SE1) ,A(3141) )(Y3S(1),A43171))
4 (Y1SO(1'gA(320)),(Y2SD(1),A(323)) ,YRPSI ,*A(26)).
5 (YRVS(1),A(329)),(X1(flA(007) ),(X2(1).A(OA2I),
6 (X3(1),A(031)),(X4(1) ,A(002)),(XlDtl),A(0171))
7 (X20(1'pA(045) )9(E(1,1) ,A(054))
IF(MODF) l0093603000

100 RETURN
300 CONTINUL

C
C COMPUTF YISDOT
C

R1(1)sX1D(1)+I-X2D(3)*DRA(2)+X2D(2)*DRA(3))
R1(2)uX1D(2)*(,X20(3)*DRA(1)-X2D(1)*DRA(3))
R1(3)uXID(3)+(-X2O(2)*DRA(1)+X2D(1)*DRA(2)I
R1(l)uRl(l)+(-X2(3)*X1(?)+X2(2)*X1(3))

R2(1)s(-X2(3)*DRA(2).+X2(2)#DRA(3))

R2( 3)3 (-X2 (2 )*DRA( 1)+X2 1 1)DRA(21)

R1(3)uR1(3)+(-X2(2)*R2(1).X?(1)*R'(2 II
DO 1 1.1,3
Y1SD( I)aOJe
00 1 J*193

1 Y1SD(I)wYiSflhI).EA(IIJ)*R1(J)
C
C COMPUTE Y2SDOT

Y02 D )no*

DO 2 Julw3

2 Y2SD(I)nY2SDfI)4EOt4EGD(IJ)*X2D(J)

C COMPUTE Y1S

Ru 1) aXlE 1)4I-X2( 3) *gV(2 )4X2(2 )*rRV( 3))
RI(2)=X1(2)+( X2(31*DRV(1)-X2(1)*0ftV(3))

3 YlS(IlwY1S(I)+EV(IJ)*RI(Jl

Figure 28. Subroutine SENK Program Listing
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C COMPUTE Y2S
C

DO 4 S1*3
Y2S3 11.00
DO 4 ot

4 Y2S(I)*Y2S(I)4EOI4EG(1,J)*X2(J)
C
C COMPUTE ~sS
C

DO 5 1.1.3
Y3SI? .0.
DO 5 Jolts

5 y3SI1)uY3S(t)*ECOMEGtqIJ*X3fJ)I CC COMPUTE YRPS
C

DO 6 Zu1,3
RI(1)a-ORRUI)
DO 6 Jolts

6 R1(I)mR1(tI-E(I9JI*X4(J)
XYZ.SORT(R1( 1)4R1(1)4.R(2)*R1(2))
YRPS(1)uSORT (XYZ*XYZ4RI (3)eR1(3))
YRPS(2IuATAN2(R1(219Rl(III
YRPS(3)uATAI42(R1(3) .XYZ)
STHRwSINfYRPSf 3))
CTHReCOS(YRPSCIII
SPSIROSINtYRPS(2))
CPS1RmCOSfYRPS(2))

C
C COMPUTE YRVS
C

ER( 1.1)CTHR*CPSIR
ER( 1,2I=CTHR*SPSIR
ERI 1.3)*-STHR
ERI 2.1)s'SPSIR
ER( 2,21mCPSIR
ER(2*3)a00
ER( 3.1 )STHR*CPSlR
ER( 3,2).STHR*SPSTR
ERI 393)nCTHft
R1(1)nX1(1),(-X2(3)*DRR(21.X2(2)#DRRI,) I
R1(2)*X1(2).( X213)*DRR(lI-X2f11)*DRRf3)I

DO a 1*1.3
R2(1)80*
DO a Jolts

6 R2f1)uR2(11+ERII.J)'RX(J)
YRVS(1)a-R2( 11
YRVSfI2)-R2(2)/VRPS(1I
YRVS(S)sR2(3) /YRPS~ 1)
RETURN
END

Figure 28. Subroutine SENK Progtrarn Listing (conicluded)
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7 - 7 Z 7- - vt""r~,M m .

ENTER

TEST IF YE[ OPUTE STABILATOR INCREMENT

+ KO(q )

900 CONKTINUE

TEST WF YES
RN > 0

TEST IF YE

SET RN- 1.0

RETURN

Figure 29. Subroutine PILO)T Flow Diagram

SU9ROUTINF PILOT(RN

COW!ON/ADAPIMODEPAg 1000)
IF(A(IS5)aEQ.0.) GOTO 9On
Al 122)=A(259)*(A(26O)-A(o,,))
AC 12?)aA(j22 )+Al?5A)*A(O36)
AII2?)uAII9' ).AE75A)*#A1704)A(4)

900 CONTINUE
IF(RN*GTe0*) GOTO 919
IF(A(0o'.)eGT*A(15fi)) GOTO 91')
RN. 1.
Al 122)uA(157)

919 CONTINUE

RFTURN
END

Figure 30, Subroutine PILOT Program Listing
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ENTER

TEST MODE

.2
0

SET COMPUTE

SIGN 1.0

0.0 COMPUTE
Ab- %At

4.-0.0
665.0.0

COMPUTE NUMERICALL RESTORE
- THE PART LS y Y-ArE! YT

SET

ET(A) 0 No Ar - 0 JA?

T ST
26 

SE TgEST OF lAtl >c,
SOLVE
AAy - Ab YES

COMPUTE
Y:Y+ANY PRINT NO SOLUTION

v+e

46
COMPUTE
A A2,Th

1H I

TEST 
IF jol -c eo 

NOYE:S
TEST lFr- 0

ý,jure 31. Subroutine NOW Flow Diagram
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COJMPUTE NOMINAL

XTC TbCOMPUTE NOMINAL
T, O, f

OOk- .1

COMPUTE FCC)

COMPUTE DET (F)

100

-- "- :"• - F" (9 b

COMPUTE PREDICTED
S~TIME IN PULL-UP

COPUE CORRECTED

TRIMME IN PULL-UP

S~Figure 32. Subroutine RELK Flow Diagram
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Subroutine LINK

Subroutine LINK implements the analyf is developed in Section VI of
Volume I. It generates the linearized equations of motion of the aircraft for
six degrees of freedom. It develops the time-varying linear wind filter
coefficients by calling subroutine WINDK at the linearization time points.
It outputs the linear data for equations of motion, wind filters, and the
linearized measurement matrix in the printed form. It also stores these
data in a permanent disc file. The subroutine LINK flow diagram is shown
in Figure 33 and the program listing in Figure 34. Symbols are listed in
Table XVII.

Subroutine SLINK

Subroutine SLINK generates the linear measurement matrix usin 'the
nonlinear output from subroutine SENK. Its programming logic is the same
as subroutine LINK.

The subroutine SLINK flow diagram is shown in Figure 35 and the pro-
gram listing in Figure 36.

Subroutine WLINK

Subroutine WLINK generates the linear data for the weapon. Its program
logic is the same as subroutine LINK. The linear data is output in print
form. The data are also stored in a separate permanent disc file. The sub-
routine WLINK program listing is shown in Figure 37.

ADAP 1 AUXILIARY SUBROUTINES

Subroutine EXEK

Subroutine EXEK handles the card input for ADAP 1 plus the following
bookkeeping functions:

" Keeps track of simulation time.
" Determines integration step size with parameters supplied

by the user.

* Prints all data input cards for one run.

"* Dumps the A-array contents at the specified time points.

"* Stops the simulation.

Subroutine EXEK makes use of the subroutines PRINT, PREAD, and
FLOOK. Its flow diagram is shown in Figure 38 and its program listing in
Figure 39.
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ENTER

TEST MODE

_I 0a0

SIGN I CONTINUE 2
ITAPE - 7
LW-* 9
FLOAT NX, NU, IA' SET LIN- 2

SET INDICES F SAVE
STATE COMPONENTS 1 2003.2

ICLEAR G2, G1,F

ET INDICESFOR2
JONTROLCOMPONE!NTS LERG 120052 008~

[LEARGGI;G2ýG~f
SET INDICES FOR 12010.21

DISTRBACE CLEAR H20 2, FM

2 J,
INITIALIZE CLEAR VW7I:
WINOK, SLINK4

COMPUTE NOMINAL
DERIVATIVE

Figure 33. Subroutine LINK Flow Diagram
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D0 0 120 0 J L N X j... - ... 4 D 02 O J .1,NJ~ N U

SET A-ARRAY INDEX OF SET A ARRAY INDEX FOR
STATE CONTROL

*j JJ JJXCJ) JJ - IIUUJ)

SET 0 SET10

SIGN -(-1XSIC.N) SIGN - (-I) (SIGN)

SET PERTURBATION SET PERTURBATION
PERT - (SIGNXDXU)) PERT - (SIGNXDU(J2)

COMPUTE PERTURBED jCOMPUTE PERTURBED
STATE CONTROL

- R u- uu+PERT

7M MI 
0

COMPUTE NEW * COMPUTE NEWR - !

RESTORE x TO NOMINAL RESTORE u TO NOMINAL

STREAN STORE A AND

NOMINALRESTORE * TO NOMINA

TES SGNTESýTSIGINN-

STOREi 1X STORE* 1.

GO TO 10GOTO 110

COMPUTE 40COMPU*TE 140

F~T F% M'/ATRIOC-Xl/.A
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S000Joo 1.,o. RES.TORE E, A
SET A ARRAY IN I- COMPUTE
FOR DISTURBANCIE IFW, GW, HW
JJ - IMW() "

._ _.,P,._ _. G I*r, os ,,u , ,_[L2 ,,G3 o,

(LOIiC IS SAME ol 0 G
AS CONTROL) I, ilk

H2, H2D i

1 2, "2

II
II

L- -o.,u - -J

IACONTRNUE
nWI COPUT

I I

Figure 33. Subroutine LINK Flow Diagram (concluded)
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SUAROUTINE LINK
COMMON/ADAP/MODE0A(1000)
COMMON IIx(j2)qII~llw*I W16) uIIXfl(l2)
COMMON XDOT(121,XOOTI(12),P(12,12) ,O1(2e.)h()2(1Yg6)
COMMON f(9),XS(12),X~oTN(212
DIMFNSION DX(12)v0U(8)pD'I(6)*AIl40)
DIMFNSION FP( 20.20) .001(206) .G02( 2006),O03I2n,4),Il2(21l.) eVW(l)
otmrNsmO FW(6SB).GW(8,41,HW(6,S),M2D(21,6),PM(21,16)

C *#*PARAME!TER INPUTS **

EQUIVALENCE IOX~l) 9A(1201))t(DU(I)PA(221)1911)'.I(I) *A(Z21).19
1 (ANX *A(270))*(ANU *A(171)1*(ANW *A(172119
2 (AtiII 9A(901))
IF(IMODE) 1.292

IIF(M0Df9LE*-2) RFTURt4
SIGNul*

C
C SET INDEX ARRAYS

NXNANX
NU*ANU
NWwANW
LW*9
I TAPEw7
DO 500 Iwl9NX
IIXII) wAI(1)
IIaI+NX

500 IlXD(I)wAIfII)
II. ?*NX*l
Y.Irwr4U-l
D0 501 JmIR9IE
Jul-PONX

501 IIU(J)*AI(I)
IR=IF.1
I Eu I8NW-1
nO 50? IsI09IF
Jul .2*NX-NLJ

502 IIW(J)aA!(Il
CALL WINDK(FWvGW9HW)
CALL S.LINK(FMI
RETURN

C PARTIALS W*R*To ATAIF
2 CONTINUF

LINwI
C
C SAVE E
C

nO 902 ?S1,NX
tIIEIXOI I)

902 XS(I)eAIII)
no 900 u6,99
JKu53*I

900 E'(I)*A(JK)

Figure 34. Subroutine UXNK Program Listing
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DO 2001 161012
nlo 2002 J6106

2002 G2(IqJ)w0.

no0 2001 JE1.12
2001 MWIN~ue

In0 2005 to1,20no0 2006 Jolts
2006 AG111.JI*0.

r 00 2007 Jw1,&
2007 GA2(I fJ) 800

no 2008 Jo1,4
70fl8 fIG31'TpJ12100

.10 7W0 Jwl*20
7005 FFtI*J)uO*

00 2010 I61921
DO 2011 Jul.12

nlO 2012 Jo1#6
2012 HMfl1.J0a0

MO ?010 Jul.18
2010 FM(T9J)w0s

no 20lq 1=193

CALL AIERK

90XOOTN(1)oA(1I)
r'o 100 JwlNX

10 !;I6M*-1.*SIflN
PFRTa .!GN*DXIJ)
AIJJ)=A(JJ),PFRT

(101 CALL AERK
CALL rYNKILINI
A(JJ~wAfJJ1-PFRT
DO 504 tolofNX

XDOTfII1At II)
504 A(!I1*XDOTNfI)

TF(SMGN)20920940
20.Df% '%0 IulNX *

30 XDOT1(1)wX00T(!)
GOTO 10

40 nO 100 Iw1,NX
FtI.J~a(XOOT(1)-XOOTI(I1) ),(7*DX(JI))

100 COMTINUE
WRITF(LW9700)
CALL MP(l29l29NX9NX9F.L'0!

700 FOR'4AT(IHI/7X91OH F MIATRIX M/
!FFtI!i)20192019105

Figure 34. Subroutine LINK Program Listing (continued)

SEEN



C PARTIALS W@R*To STATE
105 D0 200 Jts1,NUI JJBIIU(J)
110 SIGNtIu*1*SIGNIPERTo S, GNOOIJ(4J)

A(JJ)=ui(JJ)+PFRT
8"4 CALL AFRK

CALL nYNKILIN)
AtJJI=AfJJ)-PERT
D0 505 Iu1.f4X

II.? OT(Iw)l

505 A(11)=XDOTN(II
IF:SIGN)12091209140

120 n0 130 Iu1.NX
130 XDOT1(!)uXDOTI)

140 00 200 Iw1.NX

IFlARSlG1(1.J))*LT..1E-6) GI4IJ)oO*
200 CONTINUE

VIRITE(LW97011
701 FORMAT(IHI/?X*IOH GI MATRIX//)

CALL MP(12,$vNXvNUvG1,L'1l
201 IF(P]W)301,3019205

C PARTIALS WeR.To OISTtJRAANCF PARA14FTERS
705 n)0 300 Ju1,NW

JJuTlw(jl
210 SIGN*-19*SIG?4

PER T*SIGN*DW( J)
A(Jj)nA(JJI+PFRT

107 CALL AERK
CALL DYNK(LIN)
A(JJI*A(JJ)-PERT
DO 5fl6 1'l9NX

XnOT(I)=A(IRI
506 A(11)nXOOTt4CI)

1Ff t1GN)220, ?209740
220 no 230 1*19NX
'30 XDOTl(I)wXDOT(Il

G0T0 210
240 "0 l00 I1=1NXii G2(1,J)=(XDOT(IJ.XOOTI(r)),(2..ovteII

IF(A'IS(62(I9J)).LT..1F5-61 G2(I*Jl*6*
300 CONTINUE

WRITE(LW*7029,
702 FORMAT(1HI/7IC,1ON 62 MATRIX//)

CALL MPf1296*NX*NW962,LWl

CPFSTORF F

Figure 34. Subroutine UNK Program U~sting (continued)

112



no 901 u6.99
JKu533+1

902 A(JK)mE(1)

9003 0 11

no 3001 I11

DO 3002 Ju.1,8
3003 FIJ~FTJ

nO 3001 JUI.4
3004 GG3(YIJ)UGW(!,J)

no 3005 16108?

DlO+1 3061l1
no 3006 jolts
JJ=J4.12

3006 FF(1,gJJ)NFF(IJJ)+G(,)W~J

nlO 3007 1u0121

no 1004 J01 94
3004 GG3(1,J)UFM(I9J)

DO 10OS J6198

JJJ,12

3007 H20( K J)uFF4( I JJ)+21K*WKJ

no 1007 1=302)

100ATH(ITAP)FMFvJ

VWRT(IT=APV8)H

C RIRTF(ITAPEFHFl
'.IRITF(ITAPE)GGW

RETURN
END

Figure 34. Subroutine UNK Program Listing (concluded)
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TES MO -R.A NE

SE0 SETNDICESIDE

FOR_ (Lgi s )..

RESTORE VARIABLES

II

IN SEWK

1
I

Figue 35. Subroutine SUNK Flow Diagram
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SURROUTINE SLINK(NP)
COMMON/ADAP/MODEtA 11000)
DIMFNSION HPI2191S),YYDI21),DXXD(18),YYD1(21),I:XXD(183,ATI()
EQUIVALENCE (DXXD(1),A4201)),(YYD(1),A(311) ),IAI(I),A(9011)
IF (MODE)1,292

1 IF('M0DF*LFs'-21 RFTURN
SIGNul.
1)0 500 181916

500 IIXXD(I)*AIII)

2RETURN

PFRT..SIGN*DXXflI J)
A(JJ).A(JJ)+PFRT
CALL SFNK
A(JJ)=A(JJ)-PF'RT

?"SIGN ) 209 20 940
20 1)0 504 M1921
504 YYO1Il)NYYD(I)

GO TO 10
40 1)0 100 1.1,21

HP(IJ).(YYD( I)-YYD1(I))/(2.*DXXD(JI)
100 CONTINUE

CALL SFNK
WRITE (LW*7001

700 FORHAT(1HI/7XSH HP MATRIX//)
CALL MP(219189219lA9HP9LW)
R~ETUR~N
END

Figure 36. Subroutine SLINK Program Listing
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SUnPOUTINP WLIN'K

COMONCNADAP/MiODE9A( 1000)
COMMON XDOT(20),KDOTI(20)hF(20,RO,,G1(2O.10o,,(;20IO10)
COMMON 1IX(IP)9IItUtS)#IWtS),IIXD(I123
DIMFNSION DX1219DU(S),n',tq3AI(AOI
OPWMNSION E19)091(201
DIMENSION FW(BS).GW(6,A)PHW(6,P!),ni¶E?041

C *0*00 PARA4FfTrIa impuTs *
c

1 (ANX 9A(170)19(ANU PA(1713)9,(ANW PA(17M))
2IIOE122 (AI(1) 9A(901))

1 IF(M0(Dr.LF*-2) RFTURN

C
C 5FT INDEX ARRAYS
C

NUwANU
NWu$ 111
LWa9
ZTAPE=6

130 500 Jul9NX
IX(f) mAIll)

500 IIX13(l)xAIIIIl

l~IA?+4NUin1

00502 mA1

JuI.2*NXtI
502 IIW(J~uAItI)

CALL WINDK(FW#GWMW)
RETUPN

C PiRTIALS WiReTo STATF

2 CO~NTINUE

DO 1002 Jwl#NX
1002 IXD#l)=

Fiur 100. SurotneW NKPrgamLat

GI(ItJ121



902 XS(1)sA(IT)
D0 400 1=.99

900 E( 1)uA(JK1
LINut

10DO 100 Jm1.NXI

~' So80 CALL WAERK
CALL DYNK(LIN)
AWJ)wAIJJ-PERT
no~ S64 IW1.NX
huh IXD)(I)

504 XDOT(I1)A(11)
IPC SIGN12O.20940

20 no O 30 ul#NK

30 Xf)OTlI()eXDOT4I)
GOTO 10

40 DO 100 Il9'1NX

100 CONTINUJE
WRITEILW9700)
CALL MP120o?0,NXtNX#F#LW)

700 FORMAT(1H1/7X#10M F MATRIX M)

IF(NU)20i.2021.0154

PEALL WAERK (J

AIJJ)uAIJJ)-PFRT
no 505 1419NX
I IuIIXD( 1)

505 XDOTI1)uA1 I I
IFSIGN) 120 .120*140

120 D0 130 Isl9NXI
130 XDOT1(I)vXDOT(I)

GOTO 110
14.0 DO 200 Iw1.NX

G1(1.J~u(XDOTtI)-XDOTIII))I(2.*DU(J))
IF(A8S(G1(IJ1))LTv*O00o00h 61I,9J)009

200 CONTINUE
WRtTEILW9701)

701 FORMATt1H1f?X,10H 61 MATRIXM/
CALL M*(20,l0#NX9NU9GI9LW1

201 !F(MW)30193fl19205
C PARTIALS WeRoTe )15Tt.AP.ANCF PARAMFR~bS

205 DO 300 JnINW

Figure 37. Subroutine WUNK Program Listing (continued)
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I~~~~A 7.__-----~

JJUIIW(J;
210 SIGNu-l.SI6N

PER TwSIGN*DW CJ?
A(JJ)*A(JJI+PFRT

807 CALL WAERK
CALL DYNK(LINI
A(JJ~eA(JJ)-PFRTI 00 506 Iwl*NX
11 a JIXO I )

506 XDOT(1)*A(il)
tF(I SGN?22O,27O,240

220 D0 230 Iu19NX
230 XOOT1CI)UXDOT(III

240 v0 100 1=19NXI 2(1 J)ufICD0TfI)-XflOTr1( I 2*W()
300 CON'!NIJE

WR!1%ý(LWMP0?
702 FORMAT(IHIM7X1OH G? MATRIX//)

CALL MP(209l0.NXtt!W9G29,jVF)
301 CONTINUE

CIC
C 1.!OR EXCI

903 A(ITeXS(I)
CALL W14OK(FWGWNW)
00 1010 ta1,8
tIONX4T
DO 1010 Jul98
JJUNX+J

1010 F(I19JJ)wFWI1,J)
no 101 tw1.20
n0 1011 J*1943

101: G3(IPJ)=O*
DO 1012 1=198
I I .N'X+t
no 101 jo1.4

1012 (;3(IvJ)=GW(Zqj)
00O 1013 Iwl.NX
no 2013 Jolts
JJUNX+J
nO 1013 Kol*NW

1013 FCIJJ)uF(IgJJ1+G2(IK)*HW(K9J1
'IRITVI ITAOF)F
WRITFIITAPE)GS
RFT I iRN
F#,1)

Figure 37. Subroutine WLINK Program Listing (concluded)
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ENTER

TEST MODE

1

SE W9CONTINUE CONTINUE 0a

At - ATAEST IF OT"'0.tO.OO S

%TU + UTtt0U

RNDM-L2345CALL ODJUMP

RETUT

Figur ;.38. Surutn E Flo Digam
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SlJr1QOUTINF EXFK
COMMON/ADAP/MOOKAI1000)
DIMFNSION V3TI20)9FUNfl0)
EQUIVALENCE (TM WAIO1))vIDELT uA10891)*IDTOUT WA1l1))

I I0AM 9AI026))94GAMN #A4260))
IFI400F) 100,200.300

100 IF~lMDE*L9*-2)RETURN
LWw9

LRu 5

All 45) .1.

131 FORMAT~lI*1SOX94HADAP//)
IFIRNDP9EO.1.2345) 6070 132

RNDMn1.2345I

CALL PRINT
132 RUNwRUN41.

A(IISB)RUN
WRITE(LW91391RUN

III FORMAT143X9lOHRiJN NUMBER.P6*2//)I
CALL PREAD(RUMR*LR9LW?
IF(RnJNR.fe02*t STOP 77
ISTRTn0

CALL FLOOK(VSTsFUM*ISTRT*IFND)
GAMwGAt4N
A(725)sSORTIAI7)*AI7),AIS)*AIR)*AI9)0A919)
Al lO)uAf7)-A 1101)
A(l )wA(8)-AI 102)
A(21012)9)-Al 103)
PETURN

200 CONTINUE
C
C COMPUTE DT AND INITIALIZF PF~RIMIC PRINT

TOUTnTMtOTOUT
TMwTM+DELT
RETUJRN

300 CONTINUE
C
C TEST FOR PERIODIC OUTPUT
C

IF(TOUT*GTeTM4e.0001) 6070 45O
TOUTnTOUT+OTOllTI

C
C UPDATF TIME

450 TMwTM4.OELT
RETURN

FND

Figure 39. Subroutine EXEK Program Listing
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Subroutine FLOOK

Subroutine FLOOK implements the development given in Appendix I of
this volume. It reads the card input data for tables in the first caln. In sub-
sequent calls, it looks up tables and interpolates to find the value of a function
at a given argument set.

The subroutine flow diagram is shown in Figure 40 and the program list-
ing in Figure 41. Symbols are listed in Table XVIII.

Subroutine PREAD

Subroutine PREAD reads the common input cards in ADAP 1 and writes
the contents of input cards. It exits either in reading the control card RUN
which signifies the end of common card inputs, or in reading the control card
STOP which signifies the end of the computer run. It calls subroutine PRINT
to read the A-array parameter output specification cards.

The subroutine flow diagram is shown in Figure 42 and the program list-
ing in Figure 43.

Subroutine PRINT

Subroutine PRINT reads A-array output specification cards and prints
out the specified A-array contents at the given time points. The subroutine
flow diagram is shown in Figure 44 and the program listing in Figure 45.

Subroutine DDUMP

Subroutine DDUMP prints the norzero elements of the A-.rray at speci-

fied time points. The subroutine flow diagram is shown in Figure 46 and the
program listing in Figure 47.
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ENTERI

TEST MODEj

1_I

ESCT- IF-BNDAN-2235 L

SET. "1 L•

I N ..-'o•. 123456••.•

MNF - 80, M TRAS 20 9

KKVCfl 0 ERO STO - *LNIICLEARISSAR. Y YEv. o • - . o ~ P

KNV KKV(1),KVCt1UCKV(2).KVC2)
K i)KV()CV3).KFNJCFXS i K

N••=TKo )V IV T, I k,- -oS ii

NF -NF+ I LIOWNFV)W

Figure 40. Aibroutine FLOOK Flow Diagram
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C

ITMP2 - 0? NO

YES

READ ITMP2 0KNVM, RM, - RM

KNVI-KKV(I)

ITMPI 0? IMP 0
p I

YES

JI, I YES
KV(0 0

no (EMOR MESSAGE

R(21) 991)9999.9 YES
KVQ) s MKW

YES 

-jYES 

ERROR 
MI

J11 - 2JI + I
J12-Jll+j NL (NFV) O(NV) * 200 + KV(

YES
SLAW *'V - NFV

HP
:yE

ERROR STOP NVVLaMNVVL YE

NONo 
I at KVN D

No

ILST(NFV) - ILST(NFV) + I NFV a MNFV
NVVL - NVVL + I
V(NWU - ROU No

YES B
Ij >,9

I.JI+I

6

IVCT -I LST MY)

L

Figure 40. Subroutine F LOOK Flow Diagram (continued)
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KF

*- D
>oNo

L YES

I NMFVL- NIFVL *

IF(CF)-NFVL- +RI(J1)-MN

JYES

7{ll -
RQU >•b ou~ l 99999 9o9.9Z~ 

( o ,••. le

J 12 29



SET
J1 - 1, 1.2 - ISTRT

130

SETS

TETIFs,-. I & " "'' 0 YES''-
TEST, __(1)

>300 30

100-20
>20



Jii

*> 0

TEST 

- ERROR 
STOP

10o1

> ." 1I, IM- LIDiW

STEST IF ' NO

,VST (1) atV(M) • i

YES TEST IF N
•.IM c IFST( I

IM-IM,3VSTIJ > V(IM +1N o ERROR STOP
NoYES I '' W -" iF

IS T ÷760.L.

Figure 40. Subroutine FLOOK Flow Diagram (continued)
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G

TEST NV

-3001 0

-200
710 VARIABLE FUNCT-ION

NX ILST(I) - IFST(I) + 1

Mx = ILST(II - IFST(Ii + 1
ITMP1 - MX * NX
I 1 - NX * (LIDCII) - IFSTUI) + WX(LDCI-2) -

IFST(I-2))) .1.10() -IFST(0I) INfl2)
L2 z L1 +TMPI
L.3 - L1 +N
L4 =L3 +ITMPI
L5 ~-L3 +1
16 - L4 +1
L7 - L1+1I
18 z L2 +
TMPI F(L2) - F(L1)

TMP2 =F(14) - F(L3)
TMP3 -1.0 - DLT(j1 - 1)
TMP4 =DOLTCJ - 1)
TMP5 -DIT(Jh - 2)
FUN(12) (!(F(P.8) - F(L7) - TMP1) *TMP5

+ F(L7) - F(LI) * TMP3 + ((F(L6) -

- F(L5) - TMP2) *Th4P5 + F(15) -

- F(L3)) * TMP4) *DLT(J1)-6 .

Figure 40. Subroutine FLOOK Flow Diagram (continued)
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TMPUN12) F(L02) + -P F(LM1 TP R
+TMPP * F(TMP * TL3!

IMPS1. -OL(1) +IN

L3~~ -- l+



I~ -1 SUBROLITINE PLO0K(VAT9PUNISTRTIEt4Ij)
COMM0NJADAP/1ODIAM 100)
E0U IVALENCE I -ipNu'Np) 9 1TAIR"#A (99711

0IMENSIuN VST(20),NLfI50),flLTf3),NFKD(R0),1YSilO0),KKV(I),KV(3)
DIMENSION P19)9FUN(80)9xr('j)vRALF12U)
INTEGER BLANKflALF
IFfAOnF*EQe.1AND*TAl*' RD*!Jr*Oo) GOTO 55a10
IF(RhDI4.EQ*123*56*) AOTO 310

5510 RNDMsl23456*
C
C THE ARRAYS WhOULD flE OIWN~SICNE.C AS FULLL'WS
C DIMENSION A(2003,IFST(MtSFV),ILST(eMNFV),IrN(mNPF),F('-.1NFVL),LIO('NFV),
C V(14NVVL),VST(MNUV1.NL(t~iN-VRDLT(3),NFID(,i4NF),1-!SIMIKKVI#

MNFV a 1500

MNVVLWSOO
MNUV a 20
LW a 9
IVREAD a 5

c AND IF ANY OF THESE' VALUFS ARE CHANGLL), THF I'MEN-SIONS OF T4E
c APPROPRIATE ARRAYS 'AUST nr CHANGFD.

17 ITMPJ w

IF aKV 50.O6!

ILNKFN) NP

80 IF(I) 0P-IN 04441
50 ITMP21

IKIe

95IF ( KNVI) ) 00*500 44,15

100 IF ( NF(I - VMKV 90944 10444 4
110 1I a KVI)

Fiur 41. +uruii ILO rga itn
95 I KKVI) 44*44910(
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IF f INIS1J7) 1120.1109120
120 IIMPI 1

K = IMS(II)

IFST(NFV) a IFSTMK
ILST(NFVI s ILSTMK
6O TO 140

130 IMS(II) a NFV
IFST(NFV) a IVCT + I
JLST(NFV) a IVCT

140 LID(NFV) a IFST(NFV)
IF~ f JTMP2 ) lS500609150

150 ITM02 a 0
GO TO 180

160 READ(!VREAD,165)(.ALF(JIIJ~In1,8)
165 FORMATfOAlO):1 ~WRITE(9q165) RALF(Jl)9JIa1,8)

DECODE(B0.170,RALF)KNV1,CR(J1),JI a 1.9)
170 FORMAT (1494X99E8.1)
180 IF ( KNV1 KKVMI ) 2609190.260
190 IF ( ITMPI 1609209l160
200 AJa 1

~ j205 IF(R(JI)*GT*TRASH) GO TO 230
IF(J1.LE951 !OTO 46

GOTO 47
46 JJmj1

47 CONTINUE
GOTOI30,31,32.S3334.l~3l.31,333) .Jl

30 Et4CODECO,40,NAME)RALF(JJ),RALF(Jl1)
40 FORMATIR2,AA

c;OTo 40
31 ENCODE(8,41,NAME)RALF(JJ),RALFCJl1)
41 FORMAT(R49A4)

GOTO 49
32 ENCODEC8.42,NAME)RALFCjJ),RALF(J1I)
42 FORMATtR6,A7)

GOTC) 49
33 ENCOU'E89439NAMERALFCJJ)
43 FORPJAT(R8)

GOTO 49
34 FNCODFI8944vNAME!RALFfJJ)
44 FORMAT(WB
49) CON4TINUF

IF(NAMF*E09:lL.ANK) GOTO 730
210 IF V!'VVL - MNVVL) 220*444s444
2910 ILST(NFl' a !-L5TjNFV$ + I

NVVL a *.VVL +1I
VfMVVL) *RIJ1I

230 IF CJi 9 ) 24fl,05n*25O .

240 J1 J' + I
6O TO 205

?SG, IVCT a tLST(NFV)

Figure 41. Subroutine FLOCK Program Listing (continued)



(30 TO 160
260 ITMP2 a 1

!TMP1 e 0I. IF I KV~I) 1 46494440270
270 IF (KV(Il - MNUV 1 2809280,444
260 NL(NFV) a IKNV#100 + KV(I)I

NFV *NPV + I
IF I - KtNV 1 290#3109310

290 IF (NFV - MNFV ) 300,4*4,444
300 1.1.+1

00 TO 95
310 VF (KFNS) 444933S*336
335 IFNCICFN) w MFVL + 1

6O TO 150
336 IF ( KP14S - NNF ) 337,3170444
337 IFNtKFNI a IFN(KFNSI

340 READIIVREAD.165)(RALFIJII JN1081,WR1TF(9.16S) (RALFJIlJ1).J.1,)

DECOOEI8O*170,RALFIKNV1 .(R(J1) ,JI 1#9)
350 IF~ KNVI1 I509360.444
360 JI I

365 IFUR(J1).OT.TRASH) GO TO 365
IF(J1,LF*S) GOTO 26

60TO 27
26 %#.JNJ1

2? CONTINUE
GOTOI 21.23.23.2A.ZS.2l.22.23e241 eJI

21 TENCODE(86,"',NAME)RALF(JJ),RALF(JlIi
0070 29

22 ENCODEISt sAME)RALF(JJ19RALF(J11)
6CP'O 29

23 ENCODE(8,42.NAME)RALF(JJ),RALF(J11)
GOTO 29

24 ENCODEIR.&3,NAME)RALFWJJ
SOTO 29

25 FNCODE(89449NAME)RALF(JJI
29 CONTINUE

IF(NAME@EO.RLANK) GOTO 389
370 IF ( NFVL - MNFV`L ) 3600444,444
300c NFVL a NFVL + I

FIKFVLI RfIJZ
385 IF f A1 9 1 390,340,340
390 JIw JI + 1

GO TO 365
444 WRITE ILW*4451 KFNKNV.KV(1),KVt2),KVIS),KKV(1),KKV(2).KKV(3),

1 NVVLMNVVLNFVMNPVNFVL.MNFVL.NFMNFKNVI.KKV(1),
2 KKV(2)tKCVI31

445 FORMAT (26H4 FUNCTION TAVILF DlATA ERROR/1814 FUNCTION NUMBER *15/
1 22H4 NUMBER OF VARIABLES w15/514 VI w13 /5H4 V2 v13/5H V3 .13
2 /714 SETI w14/714 SET2 .14/7tx SET3 w14/7f1 NVVL 01403H4-14/

Figure 4 1. Subroutine Ft.0OOK Program Listing (continued)
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IF1

3 7H NFV w14,314"-14/7H NFVL w149311-.14/71H NF aI493H"-
4 14/7H KNVI W1494H -l 1I4,HtI2tlHs1I2qH) I

+ STOP

500 RETURN

12 a ISTRT
IF (12.LE,0) 12 a

610 IF (12eGT*IENDeORel29GT*MFN) nO TO 630
I 0 NFID(12)
IF (IsLE*O) GO TO 810
IF ( LII) - 300 3 63092222*62U

620 ISTP I +P
NV - 300
60 TO 660

630 IF f NL(I) 200 ) 65092222,640
640 ISTP a I + t

NV a 200
CO TO 660

650 ISTP u I
NV a 100

660 IF I ISTP - NFV ) 670,6T0,?22
670 J a NL(fI - NV

IF I J 3 222292222o680
680 IF f J - MNUV ) 690969092272
690 IM a LID(I)
695 iF (VST(J) - V(IM)T700972O0720
700 IF (IM IFST(I)) 22PT715971O
710 IM a IM 1

GO TO 695
715 LID(! w IM

nVT(i) w 0.0
GO TO 753

720 IF (VSTIJ) - V(IM + 1))75097509730
730 IF (IM - ILSTII) + 1) 740974532222
740 IM a IM + 1

GO TO 720
745 LIDMI a IM

DLT(J1! a 190
60 TO 753

750 LIDII) a IM
DLTfJI) w (VSTIJ) - VIIM))/(V(IM+I) - VfIM))

75T IF It - ISMP) 760770T770
760 JA JA + 1

I + 1 1

GO TO 670
770 IF V - 2001 40097VOt 780
780 NX a ILST() - IFSTMI) + 1

It I - 1
MX * ILST(II) - IFST(II) + 1
ITMP1 a MX*NX
Ll w NX*ILID(IIT - IFST(II) + MX*(LID(I-2) - IFSTII-2))) 4

1 LIDM() - IFST1) * IFN(12)
L2 a Ll 4 ITMP1
L3 v Li NX

Figure 41. Subroutine FLOOK Program Listing (continued)
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L4 a LS + ITMP1

L6 a L4 4 1
L7 a LI + 1
LS v L2 + I
TMP1 I F(L2) - FILl)
Tt4P2 a FIL4) -Ff13)
TMP3 a 1*0 - OLTIJi 11i
TMP4 a OLTJIi - 1)
TMPS a DLTIJI - ?
FUN(12) a MNFLB) - FIL?) -TMP21)#HPS + F(L7I F(I)I*rT:P3 +I(MFL61 - FIL5) -TMP2)*TMP5 + F(LS - F(Lll)9*T!.'P4)*
2 DLT(JI)

785 FUN(12) 6 FUN(12) + TMP3*(TNP14TMP5 + FiLl) +
I TMP4*(TMP2*TMP5 + FIL3)1

GO TO 810
790 MX ! LST(1) -IFSTM1 + 1

Li LINDIK IFSTMI + t4X*(LIO(Iinl) IFSTCI-11) *IFN( 12)
L2 -LI + MX
L3,n LI + I
L4 a L3 + MX
TMPI a FCL2) - FIl)
TMP? a P114) - FtL3)
TMP3 w 1*0 - OLT(Ii)
TMPA a DLTJIi)
FUN(12) a 0.0
Th1PS a DLTJIi - 1)
GO TO 785

800 Li a LIO(II - IFSTMI + IFN(12)
L2 u Li +
FUN112) a FIl) + (F(L2) - F(Lj))*DLTCj1,

810 12 a 12 + 1

GO TO 610
830 RETU)RN
727 WRITF: (99221'3) NFtnfK),.J9VST(J)
2223 FORMAT 120H4 TAALF LOOK-UP ERROR/1714 FUI"CTIO.N '1UMISR 13/

1 17H4 VARIARLE NumnFlR 13v1Hwril.41
INIT a -2
RETURN
FNr)

Figure 4 1. Subroutine FLOOK Program Listing (concluded)
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Table XVIII. List of Symbols for Subroutine FL4OK

Mnemonic[ Description

1TMP1 Switch used to ignore a set of variable values in the input
if they have been read previously

ITMP2 Switch used to determine when a variable value card should

be read

KNV Number of variables

KKV(1)KKV(2) Sot numbers associated with the first, second, and thirdKKV(2) variables, respectivelyKKV(3)

KV(1)
KV(2) First, second, and third variables, respectively.
KV(3)

KFN Function number

KFNS Number of the previously read function table with identical
function table data.

MNUV Maximum number of variables

NV Number of variables

NFV Reading sequence number

F Function table array

FUN Current value of each function after interpolation

LID( ) Starting location for variable value search

NFV Total number of variables specified, where f, (a), f2 (a),
and f3 (a) count as three variables

NFVL Total number of function table values that were read

NVVL Total number or variable values read

NUV Number of unique variables specified; such as a, 3, M,

e , p q, ... , etc.
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Table XVIII. List of Symbols for Subroutine FLOOK (concluded)

Mnemonic Description
lENBeinnn loaioni ra o ahtbeoucinvle
F Function table array

IFN Beginning location in array for each table of function values

IFST Array for first location of each variable value set

ILST Array for last location of each variable value set

IMS Keeps track of which variable value sets have been read
and where they are stored

LID Equivalent to IFST (see subroutine FLOOK)

NFID Function numtors, in the order which the functions were
read

NL Number of variables in each function and their identification

KNV1 Set number

R(1)
R(2)
R(3)R(4)
R(5) Variable values or function values

R(6)
R(7)
R(8)
R(9)

V(1)
V(2) iVariable values
V(3) )
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h98,200,40,2220S

WRIT CONTEIT

WRITE CONTENT z-G

YESE TTSTT IF99

SETRSNR 2 I
STOREST AU)- RL ()

60 ~ ~ Y - COTCU

Figure 42. -SubRouTin P1TIE. Flow Diara
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SUBROUTINE PRfADlRUNRsLRvLW)
COMMON/ADAPIMODfA( 1000)
nIMENSION IM(20)RAL12O)
COMPION ALF(20)
INTEGER ALP.XYZ
IPCCwO
RUNRmOo

C
C *** READ CARD INPUT **

230 RFAD(LR*232)(ALF(I)9Iml*8?
232 FORMAT48A10)

DECODE(8O,235 .ALF)XYZ
235 FORMAT(A1)
24.0 IF(XYZ*EQ*1HCI GOTO 198

IFCXYZoEQ*1H/) GOTO 230
DECODE (809290O*ALF) WCZ

250 FORMATWA)
IF(XYZoEQ.3HPRI) GOTO 300

C PRINT SPECIFICATION CARM
IF(XYZoE~o3HPCC) GOTO 4W)

C PARAMETFR CHANGE CARD-
IF(XYZvEQoIHRt)N) GnTO 1090

C RUN CARD
IF(XYZ.EO93HSTO) GOTO 1100

C STOP CARD
IF(IPCC*FO*1) tWoT 40n
WRITEM~W9270I (ALFEI )oI"198)

270 FORMAT(12H INPUT FRROR/OA10)
198 DECODEf80,200,ALFl(IR(I3,Iwl,5)
200 FORMAT(SA10)
210 WRITE(LW*220)CIR(I),Iu1,8)
220 FORMAT(20XSA1O)

GOTO 230
C *~* READ PRINT SPFC CARDS **

300 CALL PRINT
DECODE(809214 ,ALFIXYZ

60 IPCCfO

DEJCORA(I)40AF)II)RL(~llS

420 FOMAT(5 142El*



(0T0 2S0
470 WRITF(LW,48O1tIR(K),RALEK~,K.l,5I
480 FORMAT(1IM CARD ERROR/3(I5*F.j5*7)j)

M0D~a-2
RETURN

1090 RIJNRw1.
RETURN

1100 RUNRu20
RETURN
FND

Figure 43. Subroutine PREAD Program Listing (concluded)I
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ENTER

TEST MODE

0 00.L

TEST IF RUN4 Iy~ YE TEST IF NUJM 0

25 NUM - 0 -T4O 400J -2, NUMLR-5 I

WRITE TIME

WRITE J xz L NUI

SEE XYZ -FIRST CHARACTERII IDXU), RUj)

[•ECOERTORO,)TO 506
No TETwRTEYTESTF YS SERR"2

iEOEIT IRDO) > 99

0000- 16S 27•YS•WiE[

0 WITE CANNOT SPECIFY MORE
S ITA 100 QUANTITIES

SI SET RUNR- 2.0

v TGO TO 50

Figure 44. Subroutine PRINT Flow Diagram
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SU!RR0UTINEF PRINT
DIMFNSION IRD(161vIDX(100)vR(100i
COMMON/ADAP/MODEtAtI 00)
COMMO0N ALF120)
INTEGER XYZvALF
IF( MODE )209'300 ,300

20 IF(A(l36i-1.)25*30,30
25 NUMwO

LRw5
LW=9
RFTIJRN

30 NUMnO
50 RFAr~tLR#60)lALF(t),Iu1.8)
60 FORMAT(SA10)I ~DFCOlE( 80,80 .ALF)XYZ
80 FORMAT(A3.I

IF(XYZ*NE*IH ) RFIURN
DECOD~f.80,100,ALF)( IRD(J1) ,JIU1,16)

100 FORMAT11615)
140 no 200 Iul,16

IF( TRDt I))27592009150
150 IF(IRD(1)-999)'1609160*275
160 NUMwNtJM+1

IF(NUM-100)1759175*285
175 IDX(NUjM)uIRO(!)
200 CONT1N'JE

SlOTO SO
*275 WýRITF(LW,280)(IRD(Jl),Jlul,16)

280 FORMATC//1714 PRIN4T SPEC ERROR/1615)
STOP

28~5 WRITE(LW9290)
*290 FORMAT(//47H CANNOT SPECIFY MORE THAN 100 OUTPUT QUANTITIES)

STOP
300 IFINUM*EQ90) RETURN

DO 400 .Jwl*NUM
JIMIDX(J)

400 R(J)*A(J1)
WRITE(LW*500)A(1)

500 FOR"4AT;1H1/7H TIME *FS*I)
WRITE(LW,600? (IDX(J)tR(J),J=lNUM)

600 F0RMAT("dc!4*E12*4),
RETURA~
END

Figure 45. Subroutine PRINT Program Listing
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SET J-* 0

N42 - A(146)

ELMNTS IN AC1INV

146T ILN



SUBROUT! NEDDUMP (LW)
COt4MON/ADAP/MODEoA( 1000)
DIMENSION IRI7).RAL17)
JU0

NluA( 145)
N2uA(146)I
WRI TE(LW*1750 )N1,N2

1750 FORMAT(IH1//32H LIST OF NON-ZERO ELEMENTS IM A(14911H)v THRUO A(14
1*1H)/)
ILINmO
DO 1350 IvNlpN?
IF(AfI)*EQo0*) GOTO 1650

IF(J*LT*S) GOTO 1800
IF(ILIN*LT*47) GOTO 1900
ILINnO
WRITE (LW91901)

1901 FGRMAT(1H1//)
1900 WRITE(LW,1780)(IR(K),RALIK)gKidl,7)
1780 FORMAT(7(14#EX2*41)

ILINuILIN.1
Jul

1800 JRIJuwI

RAL(J)cA(I3
1850 CONTINUEI

WRITE(LW,17e0) (IR(K).RAL(K) ,KulJ)
RETURN
END4

Figure 47. Subroutine DDUMP Program Listing
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SECTION IV
ADAP 2 (DISCOP) -- NONSTATIONARY

OPTIMIZATION PROGRAM

ADAP 2 is a programh for optimization of discretized nonstationary sys-
tems. It develops, for time-varying linear systems, the Gptina ,--ntroller
gains, the optimal estimator gains, and corresponding costate ana error
covariance matrices. In addition, it computes the total covariance of a
system with optimal estimators.

The total covariance evaluation for systems using nonoptimum estimators,
involves the dynamics of cross-covariance matrix (Volume I, hqilation(10.35A]. This is not included in ADAP 2.

The subroutines in the progrtm can be classified into three groups --
basic subroutines which implement the mathematical models, subroutines
which manipulatr. Litc linear data, and auxilih.ry subroutines for the input and
output of matrix quantities and inversion of matrices, etc.

In this section, input/output information is given first; then the main
program and i-; subroutines are described.

ADAP 2 INPUT/OUTPUT

INPUT DESCRIPTION

Input for ADAP 2 is in the form of cards and of data stored on a perma-
nent disc file.

Card Data Input

The first group of cards to be read is cards 1-5 which provide basic
program data. Their formats are shown in Table XIX.

Th 'ext group of cards to be read are the nonzero elements of the
matri,' , D1 , Q, W1, W2 and H2 . These cards are read by six calls
to the , Atine INPT. The calling statement of this subroutine is

CA- <'" (A, NROW, NCOL)
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Table XIX. Format for ADAP 2 Data Input Cards 1-1 i

Card/ Format Column =Quantity Description

1 1(412) 1-2 NX Number ot states

3-4 NR Number of responsms

5-6 NU Number of controls

7-8 NW Number of disturbances

2/(514) 1-4 NRT Number of meauurements

5-8 NM MN = G Do not compute mean
I Com'pute mean

9-12 MO Number of times through the outer loop in the
subroutines GAIN and COV.

13-16 MIL Number of times through the inner loop in the
subroutines GAIN and COV for the "last" data
interval (I. e., the release time is some fraction
of a regulr.r data interval MIL/MIR.

17-20 MIR Number of times through the inner loop in the
subroutines GAIN and COV for a "regular" data
interval.

3/(414) 1-4 NME NME - 0 No estimator computation

I Estimator computation

5-8 NRB NRB = I

9-12 NRE NRE = MR

13-16 NFREQ' Output will c:.cur every NFRL- times through
inner lziop in GAIN and COV during "regular'
data intervals. During the "last" data interval
output will occur at the end of MIL times through
the inner loop.

4/(312. FIO. 4) 1-2 ITAPE Logical tape number ITAPE

3-4 NTAPE Logical tape number NTAPE

5-6 NDPTS Number of data points (i. e., number of distrete
times ADAP 1 outputs linear data)

7-16 DT Sampling time

5/(12) 1-2 IRUN 0 Compute gairs and performance
( 0 Read in gains and compute

performance
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where

A is the name of the matrix whose elements are to be read

NROW is the row dimension of the matrix A

NCOL is the column dimension of the -natrix A

The format used to read the cards is (5(212, E12.5)). From one to five
elements can be read in per card. Each element is preceded by its row and
column index. The format is shown in Table XX.

Table XX. Card for Matrix Input Subroutine INPT,

Format [5(212, E12-5)]

Column Quantity Description

1-2 ID(1) Row index of 1st element

3-4 JD(1) Column index of 1st element

5-16 .:'D(l) 1st element

17-18 ID(2) Row index of 2nd element

19-20 JD(2) Column index cf 2nd element

21-32 YD(2) 2nd element

33-34 ID(3) Row index cf 3rd element

35-36 JD(3) Column index of 3rd element

37-48 UD(3) 3rd element

49-50 ID(4) Row index of 4th element

51-52 JD(4) Column index of 4th element

53-64 YD(4) 4th element

65-66 ID(5) Row index of 5th element

67-68 JD(5) Column index of 5th element

69-80 YD(5) 5th element
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" My . - v- -....... --- . ... . . ....

A blank card is used to terminate the reading o' the elements of a
matrix. When the subroutine INPT senses a blank card, it returns control to
the calling program. The blank card mý.zt appear in the data deck even if no
data is to be read into the matrix. In other words for every call to the sub-
routine INPT a blank card must appear in the data deck.

Following the cards for the matrices HI, P 1 , Q, W1 , W2 , and H2, two
cards are read (see Tables XXI and XXII. These cards contain integer data
which is read into the integer vector ISHUF in the subroutine DATAGEN.
The vector ISHUF is used to "sh-iffle" the linear data after it is read from a
permanent disk file designated by ITAPPF and before it is written on a

Table XXI. First Card for ISHUF, Format (2112)

Column Quantity Description

1-2 ISHUF(1) State vector components of
"standard order' which is to be 1st component

3-4 ISHUF(2) 2nd component

5-6 ISHUF(3) 3rd component
7-8 ISHUF(4) 4th component
9-10 ISHUF(5) 5th component

11-12 ISHUF(6) 6th component
13-14 ISHUF(7) 7th component
15-16 ISHUF(8) 8th component
17-18 ISHUF(9) 9th component
19-20 ISHUF(10) 10th component
21-22 ISHUF(11) 11th component
23-24 ISHUF(12) 12th component
25-26 ISHUF(13) 13th component
27-28 ISHUF(14) 14th component
29-30 ISHUF(15) 15th component
31-32 ISHUF(16) 16th component
33-34 ISHUF(17) 17th component
35-36 ISHUF(18) 18th component
37-38 ISHUF(19) 19th component

39-40 ISHUF(20) 20th component
41-42 ISHUF(21) Control vector component of

"standard order" which is to be 1st component
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Table XXII. Second Card for ISHUF, Format (2112)

Column Quantity Description

1-2 ISHUF(22) Control vector component of
"standard order" which'is to be 2nd component

3-4 ISHUF(23) 3rd component

5-6 ISHUF(24) 4th component

7-8 ISHUF(25) 5th component

9-10 ISHUF(26) 6th component

11 -12 ISHUF(27) 7th component

13-14 ISHUF(2 8) 8th component

15-16 ISHUF(29) Column of mean input matrix
of "standard order' which is tobe 1st column

17-18 ISHt-F(30) 2nd column

19-20 ISHUF(31) 3rd column

21-22 ISHUF(32) 4th column

23-24 ISHUF(33) 5th column

25-26 ISHUF(34) 6th column

27-28 ISINUF(35) Disturbance vector component
cf "standard order" which is tobe 1st component

29-30 ISWJ JF(36) 2nd component

31-32 ISHUF(37) rd component

33-34 ISHUF(3 8) 4 4th component

35-36 ISHUF(39) Mean wind vector component
of "standard order" which is tobe 1st component

37-38 ISHUF(40) 2nd component

39-40 ISHUF(41) 3rd component
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scratch disk file designated by ITAPE. Forty-one integer numbers are read
into the vector ISHUF. The first twenty give the reordering of the state vec-
tor, the next eight give the reordering of the control vector, the next six
give the reordering of the mean wind input matrix, the next four give the
reordering of the disturbance vector, and the last three give the reordering
of the mean wind input vector. All of the reordering is relative to the

standard order" which is used in the linearizing program ADAP

The next cards in the data deck depend on the input parameter IRUN (the
fifth card in the data deck). If IRUN V 0 the program expects to read in the
time varying gain matrix KV backward in time. This is accomplished by
reading N vlaLes of the gain matrix (where N =NDPTS, i. e. , the number of
data points) and writing these values on a scratch oisk file designated by
NTAPE. The N values represent the gain matrix KV at the following dis-
crete time points: t (release time), Ltr , I tr] -1 -FCt ] -2, . .. , 0. (The

* bracket function rxlris the largest integer such that i 2 [XI.) It should be
* mentioned that the program expects the gains to be in the "shuffled" order

(i. e., compatible with the shuffled state and control vector).
If IRUN = 0 the program will not expect to read the gain matrix KV. In

either case (i. e., IRUN V 0 or IRUfN = 0), the last cards in the data deck
will be the initial value of the s~tate covariance matrix X0 . It should be men-
tioned that both the gain matrices and the state covariance matrix data is
read by the subroutine INPT. Figures 48 through 55 show exaimples of the
card data, and Figure 56 shows the entire data deck.

* Permanent Disc File Data Input

The data on permanent disc file is the linear data for the a!/c and is
generated by program ADAP 1. The data consists of the matrices F, G1 ,
G2 , G' H ,and Vw at the discrete times 0, 1, 2, - .. , [tri tr (where tK is
the re.Iaag time and N1I is the bracket function). The total number of points
is given by the input parameter NDPTS. The matrices for each data point
are read from the permanent disc file designated by ITAPPF. The data is
then "shuffled" and written on a scratch disc file designated by ITAPE.
Access to the permanent disc file is achieved by the following control card:

COLUMN I

II

ATTACH, TAPE8, XY3VX, ID = DYYYYYY.

where

XXXX = CATALOG NAME

YYYYYY = CATALOG NUMBER

The associated catalog control card w ych is used in ADAP 1 is:

CATALOG, TAPEe, XXXX, RN = 1, ID -- DYYYYYY

1 
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I . I I .IL.-LA. .LL Li-AL-L.L.LAJA L-L.A.L.LLLL -LA-LA-LA-LAWA A.-I A LA.L.L.LLL.A
. ~L. ... .. L-L-.L-L.L. -L.L-JLAA-~ A-IL.LLA-LJ .LL.- AI LA..A I - A-AL

. -L. .... .....L ..... .~. .L~ L J .-iL-AA . I I .I I ýL-LJ A-WI .JL W
.L.A L.A.....L ,-.L...A..L..L . L..-A..L..-... LA.....L.......L .L.L.L.L.. A. IL.*...L..LL.A .A.L..L.

. .......L.L. .A .A-J.AL..L. L .L.L L ... L..L.I..L.L.L.. . LL.LA.L..A..... .A--.I.....A..A .. . L..L.L.L.

A-*.L..AA-..-*. A.A-LLA-A-L-LLL L.4-L.A-L-L.L. L.L .LLJ..-L.L.A-& A-LA.A--LA-LA-A i-L&-A-LJ...LA.L__ IL..LA IL.I

L.L..LLLJ...LjL~~~~~~~~ A-L AL... A..L L...A L. A- .. L -L LL. LL L.LA .L L A.. LL.L L .LL.-L.L-.L-LA-J. III......

.-.L -L AL. -...... A-.L.. .. L.LIL....L . ..- AL-LLAA .L . ....-L . A.....L.L.A-L .A- L.A I L.AALL AI.. -AA-A. -L.. A -...L. LL L
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Figure 48. Data Card 1

.-1.2 11- * L -A- 1 . 1A-1--AA. A I IA AA I I A L L.LA-.L-L..-LA L -A-A . LA.LA-A-AJL. ........ ... ~.....
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L.A-A-A-A-LA-I . - - A .. ....JAA-. ........-A-. ...- A-.....L L...A-- -.... . ... .....A I A L. .. .. L

L A L .L - Li I . J L .A - L -L - L .- A--L A - A - L L A -L-L - - L L-L L LL-A -L A.- A - A - L A - L A -L A - A . L . A - L A - A - L W AA- LL . L . A . A - LA -L .LALL L " - - A - . . - I . I .. . . I .
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Figure 49. Data Card 2
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-LJ -L.L& -L.J LJLJL-L.-L.L- -LA.LA.&LA.ALJ A-L.LLLL -LJ-AL.-LA.LLLJ. .LL..L.LLLL -LJL.L.L.LJL.LL

-LL" - t -L "LALL -LLLL -LA..LLLJ.ALL .L-LA.LAL.LLL j LAJL.-LAL.L .LA.L.LLLLL.L LAAA.L..L

. .. .. . . LLL. . ... .. .LL .L. . . . .L L. .L. .L.L.L..J .J. . .LL . . . . L.L. .LL. .L L . ¶

. ... . . . ... . . .. .LL .L.L.... .L-LAL.L .LLLL J. . .L . . .L . . . .. . . .LL . . .L.L LL. .L. .L...

..... . .. .. ... ...L L L..... .. .. .. J......L.L LL L ..... J.. L . J...... . .. L.L..A.... LL. L.. L....

-LJ.L.LLL.LAL1" -L.L.L.LAL-L.&LL -L.L-L.L.L.L4J. J..LLLJ L.L L.LL.LLl" -- L-LW.L..L LLJ.L LLL.LA-1A

AL -J LA-L" UL LA-LA " ~A-LALLJL A J- L A I LALJ -L-LJ-JLA -AWL
-LLL±-LtL4J -LJALJA-LLL" -L.L4LJALL -L-L-LLJ±.-LL &-L-L.LLLL-- .JJLA . L..LL ..

...J~L ........L.L LL J- L.LJ-LLA-. -LL4JA4L.L-. -L JLJAA-.LL -LLLJ-LLLJ- L JLJIi T_ .... a_ ...

.L . .L L . . .L.. .LL A. I. . . . .. .LLLLLLL L.Lj- .L.-LALALL-LJ.. -L-LL~jL-LiL.L -L~jLLL.LLL LLLLL
.L . .t J. . .. .. .LL ALJ..LLL . . .L .LL. . . . . .LjLjLLLLAj LI. .... .... .L.LL L L. .LJ. . ~. ..

I .L L-. . I L IA IJ.. A.IJ I . .L L.LJ. . .. . .L . LALAL.L.L.L .LJALALLLL±.L -L.--4L.-L.LL. L.L A-L.LAL J---.ALL.LL. JL~ .L L .~~

A---ALL .L4J- ALLI .LL A .L .LL. .. .. I .JL L L L.LI4L .L L L. L. .. LI . .. ... .LL L ± . L. I .I .

Figur 51 Dat Card4
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LL.~~.L.LLL.LJ. .LL.LL.LL..L.LL~ IA..LLL8 AJ.L L..A .L . I 1 1.."L-A L. L.LLLL L .L.L- L .LJ .L-L"

1. 1 1 S . A A A I # I .L A I I A A A I A A A I JL LL J L L ± I|1

£J~L~L ~ J1~LLL L JLAL -L-LAL-L. L - LLjL - .8JL LJ L -L J LJL ±-"

L i 4..* i I I L . I l | i * * i , I * t J. L J.L L L .L . . . . J.LL.i L iL LL .LL.LL.L.LJ... L LL.L.L..I I I | I I ! I J .i . I

f I . .8 L Li--a£..L.L...L .. a' 1 L. L L.

l JI I1 I 1 ! I t AI I 1 LA - I - I L J I I I W -- A L LL I I !II I iI l - lI m l lI II II

Fiue5.Data Card s _

•~~~~ I I• A• II I I I ... I It1 I

Figure 53. Example Data Card for Matrix Input Subrou~tine INPT
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LiJ l11 l,1.13 .2l.91A 21.I .; 3 l 1lAl, 1,6l . 9,I, ,! ....... ... . . . . ., . . . .
Ai, , , ,.I . .. .. .. .I. ... .,_. ... .. ... . . . ., .,

I'1' 1 1 i l l lf,

-I - -ý -. l J 4- 1 1 1 A A A I I I I I I I I I l I I

=~ tiw= j±± LL . .... .... ...

MI I I I I, I I i I I A I I A
'a i. 9 I I I I p lo p I Lll Il. i I I A i I i .LL.LJii LL•

.8.. .. . .i I L ILIALISLrLl44A

1 1 iL .LL .L .l.ll.. L... .L .lil .l.l l LL.l. l J .l l .. ... ...... .. ... ..... . . ...... L ......

.LLLLL..I..-L.LLLLL .LLL.LLLL . .L..LLLL.L{ LLL. .L.L- .L L...... LL.J....L... .L.L.L.....
I A .LL.L.LL.L.IL.L A.L . L L i . L .I l .lA I .1 .I A . . .

Figure 54. First Data Card for Shuffling Vector ISHUF

. . ..,A 
I A I I A A I I I

i. L . i .~ i T it i rK ,i LL.L.J. L.LJ..L L.L-L .L .L.L-LL.LL .AL -L.L.L -L L. LL. . .L L L L

Hat iQ Q 'rka AII I I I ;il--LLl--L1

.8. Ii I i I i . i .I. I.i I. . I. I... . .. . . . . . . . . . . .l l . . . . . l.a.. i

.... .. . . . .1 . . . . . . . . . . . . . . ... ... .. .LA... . ...... . . . .. . . . ... .... . .

.8. ~ i. i. L . L... . L .J A LL AA L-L.& L- L.A L-L..L.L-L .L.L..L. .. L.. .. i....i..

Figure 55. iscond Data Card for Shufftlng Vector ISHUF
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BLANK TO
0 i TERMINATE

S F --- READINC
DATA CARDS FOR COVARIANCEMATRIX Xo -ij•. MATRIX X.

GAIN MATRIX KV AT 0 THESE CARDS• BL~a~ m m ARE NOT IN

• r DECK IF

GAIN MATRIX KV AT[L iRUNOT 0

GAIN MATRIX KV AT tr .

SECOND DATA CARD FOR
SHUFFELING VECTOR ISHUF
FIRST DATA CARD FOR --
SHUFFELING VECTOR ISHUFR I

DATA CR FOBLANK TO TERMINATE READING H2

DATACARD FORMATRX W,,.-pBLANKC TO TERMINATE READING W2
DATA CARDS FOR MATRIX H"- -..-

D CD T W BLANK TO TERMINATE READING WQ
DADATA CARDscRS FoROR MATRIX WQ"-•,__..L' -

DR MATRIX W - *-- BLANK TO TERMINATE READING WQ

DATA CARDS FOR MATRIX
DATA CARDS FOR MATRIX 02• SLAWK TO TERMINATE READING D1

DATA C S F..--- BLANW TO TERMINATE READING H1
DATA CARDS FOR MATRIX H3 -'

TAPEHTAPENDPTS,DT I-• CARD 5,NRB e,NRFNREQ I1'"CARD4

IN'RT NM MO MIL.MIR W*- CARD 3NX NPNUIO CARD 2
I _..J-------- RD I

Figure 56. ADAP 2 Input Data Deck
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OUTPUT DESCRIPTION

Program ADAP 2 provides both printed output and punched card output.

Printed Output

Printed output occu~r a in four places in program ADAP 2 -- in the mainI I program, subroutine GAWh, subroutine COV, and subroutine ESTE.

Main Pro ram Printed Output - - All of the input parameters on fhe first five
inpt dtacards are rrn ot These parameters are:

Card Parameters

2 NRT, NM, MO, MIL. MIR

3 NMENRB, NRE NFREQ

4 ITAPENTPAE, NOPTS, DT

5 IRUI

The last printed output in the main program is the weighting matrix Q,
which is printed by a call to the matrix print subroutine MP.

The calling sequence for the matrix print subroutine is

CALL MP (II, JJ, I, 3, A,LW)

where

Il is row dimension of the matrix A

33 is column dimension of the matrix A

I is the number of rows of A to be printed 1 !5 11

J is the number of columns of A to be printed J :g 33

A is the name of the matrix to be printed

LW is the output tape number
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GAIN Subroutine Printed Output -- If the input parameter IRUN equals zero,
subroutine GAIN is entered to compute the time-varying feedback gain KV.
If, in addition, the input parameter NM is not zero the deterministic input
vector F will be computed. If the order of the control vector Is NU and the
order of the state vector is NX then the NU components of the deterministic
input vector F will be stored as the NX+l element of each row of the gain
matrix KV. Printed output of the gain matrix KV and the deterministic input
occurs at the following discrete times: tr (release time), rtr], rtr] -1,
Er]-2 .. , 0. (i.e., the gains come out backward in tinme). The matrix
print subroutine MP is used to print out on NU by NX+1 matrix at each of the
above discrete times. The extra component in each row as explained above,
is one of the NU components of the deterministic input vector.

COV Subroutine Printed Output -- If the input parameter NM is not zero, the
printed output in subroine COV consists of the diagonal elements of the
response covariance matrix S, the mean response vector R, and the state
covariance matrix X at the following discrete times:

1, 2, ... 1tr., t (release time) (i.e., forward in time).
r- r

The matrix print subroutine MP is used to print the state covariance matrix
X. If the input parameter NM is zero, R will not be printed.

ESTE Subroutine Printed Output -- If the input parameter NME is not zero,
the subroutine ESTE is enter and the error covariance matrix PN and
estimator gains L are computed and printed at ther same discrete times as
the diagonal elements of the response covariance matrix S und the state
covariance matrix X. Both the gains L and the error covariance matrix P
are printed by the matrix print subroutine MP.

Punched Card Output

Punched output occurs at two i.laces in program ADAP 2, in subroutine
GAIN and in subroutine COV.

GAIN Subroutine Punched Output -- The NU by NX+I gain matrix Kv is
punched at the same time it is printed. The subroutine OUTP is used to
punch matrices. The calling sequence for the subroutine OUTP is

CALL OUTP (II, JJ, I, J, A,LP)
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where

II is the row dimension of the matrix A

JJ is the column dimension of the matrix A

I is the number of rows of A to be punched

J is the number of columns of A to be punched

A is the name of the matrix to be punched

LP is the punch tape number

It should be pointed out that subroutine OUTP punches only the nonzero ele-
ments of the matrix A.

COV Subroutine Punched Output - - The value of the state covariance matrix X
is punched at the release time tr. The punch subroutine OUTP is used to
punch the matrix X.

ADAP 2 PROGRAM DESCRIPTION

ADAP 2 MAIN PROGRAM

ADAP 2 is the main program for the optimization of discretized time
varying systems. Its -'-ucture is very simple. At the beginning of the pro-
gram some parameters are set and some parameters are read in through
cards, and their contents are printed out for checking purpose. Then all
matrix locations and the three matrix scratchpads are cleared. Subsequently,
some of the system matrices and one-half of the weighting matrix Q are read
in through cards. The other half of the symmetric weighting matrix Q is set,
and the whole matrix is printed out tor checking. Then the subroutine
DATAGEN is called. This subroutine shuffles the linear data, and inserts
some of the matrices read through card input and stores them in a scratch disc
file.

At this point the linear data is ready for use. Subroutine CALLSUB is
called. Depending upon whether the controller gains are to be computed or to
be input through cards (IRUN flag), CALLSUB calls the pertinent subroutines.
After the execution of these subroutines the program control returns to main
and stops.

The flow diagram of Program ADAP 2 is shown in Figure 57 and the pro-
gram listing in Figure 58. Symbols are listed in Table 'III.

All subroutines in program A DAF 2 are listed and briefly described in

Table XXIV.
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rSET
- LW - 9, LR - 5, KTAPPF, 8

NXM 17, NRM= 21, NUM - 4
NWM. 3, NMM 12

f READ, WRITE INPUT MATRICES:
I STATE VECTOR NX, RESPONSE HI
I VECTOR NR, CONTROL VECTOR D

NV, DISTURBANCE VECTOR NW Q

READ NRT, NM, MO, MIL, MIR
READ NME, NRB, NRE, NFREQ
READ ITAPE, NTAPE, NDPTST
READ IRUN IILL

NDPTS1 - NDPTS +1I CALL DATAGEN

CALL CALLSUB

* 010 I TO

ZERO GN, AD, XX, YY 77
S J 82, D82

B1, DB1, 8P
* B3, DB3

A,DA PV
H2, k.

D 0 ZFRO D2, DD2

/ D1, •D1, DQ
Sl, S2, S3, Q

ZERO KV, DK"
V.V, DrW~
W3, W2, W, RX, k /

Figt..-e 57. ADAP 2 Main Program Flow
Diagram
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PROGRAM ADAP2 (INPUT ,OUTPUTPUNCH.TAPE~uIt4PUTTAPE9aOUTPUT .TAPE3mPU
1NCMcTAPE4#TAPE6*TAPE79TAPE8)
COMMON AI17,17*D)A(17,17),81t17.4),D81(17,'.),B2(.793),OU2(17,3)
COMMON 8PB(4,A)gDQD(494),H1(21g17) ,DH1(21.17),D1 *(2194)#DD1(22,4)
COMMON D2(21,3).002(21,3),PVI17,17),KV(4,18),PV(4),GN(17).AD(17)
COMMON VW(3) ,S1(21,21h9S2(21,21),S3(21,21).SP(4,17),DQ(4,21)
COMMON StM(4,41,KWA('.),Q(21,21) .83(17,3).083(1793h#DKV(4,18)
COMMON NXNR.NU,*NWNRTNMLW.LRMO.MI .DTMILMIRNFREQITAPE,,1 TAPE
COMMON XX(17) ,YY(17).Xt(17,17),RX(21.1).R(21,1) ,W1(3,3) W2(12.12)
COMMOM W3(3912)vH2(12#17) ,8L(I7*12)
COMMON NMENRE#NRB*DFV(4) ,DVW(3):1 REAL KV
LWz9
LRwS

KTAPEaz4
ITAPPF=S
NXM17?
NRMu2I
NUM.'.I NWMuS
NMMu 12
READ(LR,1)NX9NRvNU9NW
1 ORMA14121
READ(LRY3)NRToNM*MO*MIL*MIR

3 FORMAT(514)
READ ILR94)NME ,NRB ,NRE ,NFREQ

4 FORMAT(414)
READ(LR95) ITAPE9NTAPE9NDPTSOT
READ(LR920)IRUN

20 FORMAT(I[2)
WRITE(LW91930)MXtNRPNU*NW
WRITF(LW91931 )NRTNMMOvMILMIR
WRI TEILW91932 )KMENRSNRE*NFRE0
WRITE(LW91933)ITAPENTAPENDPTSDTI ~ WRITF(LW*1934) IRUN

1930 FORMATiIHM1/X4t1 NX=I2,'H NR81294t( NUsI2,'H NWuI2//)
1931 FORMAT(7X9SH NRTw12*4H NMw12i4H M~aI29SH MILE1295H MIRuI2'/)
1932 FORMAM(X,5M NMEuI2#5H NRBwI2t5H NRE01297H NFREQuIZ//)
1933 FORK.CT(7X9?H ITAPE*I20H1 NTAPEwI2,TH NDPTSu12*4H DTuFl0*4//l
1934 FORMATtFX96H IRUNuI2)

NDPTSlrnNDPTS.1

nO 10 Ia1.NXM
GN( I uo*
Al)( t .0.
XX(I!)Wo*
YY(!)w0.
nO 1700 iu1,3
B2( !,J)%Oo
DB2(I*J)w0e

1700 CONTINUE
DO 11 Ju1,NIJM

811 !.J)ftO*I Figure 58. ADAP 2 Main Program Input/Output Listing
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BpCJ.I )0O.
11 CONTINUE

DO 1600 Jn1.NWM
83( IJ~uO*

D83C1 ,J)80*
1600 CONTINUE

DO 12 J*19NXM
AC ,J)80*
OAf I9J)u0.
PVC IqJ1SO.

12 CONTINUE

DO 1601 Ju1,NRT

SIRLC IJ)u0.
1601 CONTINUE

10 CONTINUE
DO 1500 1ulNRM
DO 1701 J*193

II1701 CON"NUi
DO 17l.t -J-3v4XM

DH1CI~.A: O4

1717 CONTINUE
00 1501 J=1.NUM

DlIC !J)=Oo

1501 CONTINUE
no 1503 Ja1,NRM 1603 CONTINUE

SI(IO)800DO 22 Iw19NWP4
S21CIJ)nOe DO 22 JnlNWM
S2C!.J)NO* 22 W1CI9J~wO*
S3(I.J)* O. DO 1605 Iw lNRM

QII,~uO.RX(',1)=06

1500 CONTINUE

NXMIaNXM+1 1605 CONTIN4UE
DO 1606 JwloNUM CALL INPT(H1,NRM#NXMI
DO0 1606 IulNXM1 CALL INPTfD1vNRM*NUM)
KVIJ*I)nO* CALL INPTCO*NRM*NRM)

166DKVCJ9i1sO. CALL INP7CW1%NWMvNWM)
CALL INPTCW2,NMMPNMMI

DO 107 II93CALL. INPT(H2,NMM*NXMh
DO 160 1.1, DO 1702 IwIlNRE
DVWCI~uO* DO 1702 J!,9NRE

1607 CONTINUE 0 9)Glj
DO 1604 !wlNWM 17C2 CONTINUE
DO 1604 J=19NRT WRITECLW918011
W3CIJ)nO* 80 CORALL HVX*7 WEIGHTING MATRRIX/)

1604 CONTINUECALM(RtR9qNv*W
nO 1603 1lulNAT CALL DATAGENCIYAPPFoNDPTS)
DO 16C3 JuINRT ST(OD 77
WZCI.J)uO* N

Figure 58. ADAP 2 Main Program Input/Outpulc Listing (concluded)
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d 0 4.3

C .4 4

C0 0 0D

rw 41

P44M
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ý 0 0

4) 0 0l4)
8. .. 0 5-~ N. m) $4 41

W S.D C: ,. 4) k 0 C) Z 2
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Cud
0CU Cd 04

CL~

.010 ) CUS

*0 0 040 ~0. 0 C
0 '4-

tou CLt) 00
0

.r. 0 0 CUu o 0 0 vC r)

U w0 pq 0 O2W

4-4 0) 4.

S, 0 '0 0
04. >) Ca _) z
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IM
$4 $ .:$4 $4

£2W 0
'-V~~4 0)0 W.0 ~ $e ~ 00

eq $4 C#3 $4 4J 0 _ $4 - 4
m 44) M G) 44- A

41 41 4 ~ -~e

41 - 4,44 0 ~ 0 '44- 4 C6. '4 4-4
0 0 0 0 0 C 0 0
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£2'4 r-
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00 0 04 $4 ) a)2a' £2 0

$4~~~$ $4 00 $ 0 0 0' $

0 0 ~ .

"~ *~- *~ o ~ £$4
.,A 0 d4 0C 0d Z0 £

03 j 4 4J 43 44 4.
£2 c C:$ 02 oi 0 £2£ £H0 0 oil 0 0 u 0-. 0 0 ý0 U

$L4 Q Q~ Q~ U~ ;,. 0 .c

43 $41~$ 0 4

0~L $40. :S$£2 $.0$ 0£ - 00 $0 $.4$ 4 $4

r.2 m PC m ~ £2 $-C

4-4 E'- L t- 4J v-4 C ' ý-4 ~0 - 4 . -40 CD 4 03eq

o v4 v-4< v-4~ 4-4< C% CM Uq Cq~ Cq3 M' v-$4

43b

0.

.16



0.

boo

00

4) '-4 4)4 4) 4 544z 4- I 0 0J 4-4C U.

r-4 0 0

a) 4) > 4- 4 a> Cd (d 0 +

4) Li 14) . . ~ p

$4rn 4ý 4 " A

Cl Cl w ca cs .5 .5 .
4 0 W.- *-50 o C

0U 0 PA aU CU t~ 4
0 r4 CU CC0U

C4 41 CU * d 5i 0 olCl C
4U CU k U k U k U 0 0 0)

44 r[ 0 0 k 4. A
0 Q 0 (.d Cd Cd u

-4 V4

'.F4 ( D.~ . - -
co $ cn CU r

0 -45 54 -4 1a 444( CU U0U
oo U r54 06 0C4 C54 cq t- V4 S4 Q 5

COCU 0 4-) (L JCU t

CU ' L- '.'. * *~4 .4 *.4 m x x ~ 4

o bo 4g . - '-0 coI N' N' v3 v~ v4i' 4 ~4J

4)0I:

00

168



0 0c

.- 

t3 
4V. 

40

4.). 0 0044

0U o 0 0

:3 (1 -444 4-4 4-1 4
U4 )CU C U C U) C M 4 J

0o :3 05
4.) >3 k

Cdr:C~~~'~ (154) ~3 C) ~ 4) 14 0

P4 (D IL CU

1 44b ~ 0 u5) D4 .0) 0. r.

CU 0 "' -i3 $C. ) ;4 C.

4.a Cd co w4 C)8

C) (L m 030
0 C! *. (1) 0 r *m -

0 ca cc ) P
S0 C : X . 4 , C U . UW

.00 0 0.0.0 ( 003 93 Q

0. 0 0.c Q~ .00

54 CU o cc 0

0 k 0 CO 0 &4 CU k4 CU co4 o U

~CU ~ -4 eq CU - 03 C

~ X CO) C4j C.)-
m~. ca > X~I 

I) X

08 Cd4 Elo eq E- Co 14 14C 4 cq t

'-4 V4'-4- c ~ ) ) C)O")4. V4

A0
ca ;

IF

Ic

169



1-4.

ON 8

r .1 *. ... . i 4 1.

SI I i I S S

fil "5

> jk

070

++"+::+• •+'"+•+N"I "•...• ''++• ' "+•-"•' +' "'++•+•: =-•': ++• *+++•""" ++ + ++ '"- ' • .. ... .. ..........
U+;•+.. 

+ .



ADAP 2 BASIC SUBROUTINES

Subroutine CALLSUB

Subroutine CA LLSUB calls all the pertinent subroutines depending upon
the flag IRUN. If IRUN = 0 it comp ites optimal controller gains. If IRUN ý 0,
it bypasses the controller gain computations and the necessary data manipu-
lations for it. It reads the gain matrix through cards. The subroutine flow
chart is shown in Figure 59 and its program listing is Figure 60.

Subroutine GAIN

Subroutine GAIN implements the analysis given in Section IX of Volume 1.
It generates the costate matrix, the mean control input and the optimal con-
troller gains as a function of backward time. There are two basic loops in
it: integration loop (DO 200). and data update loop (DO 100).

At each data point including the release time data point the gains are
printed out and also are punched into cards.

The subroutines flow chart is shown in Figure 61 and the program listing
in Figure 62.

Subrouine COV

Subroutine COV implements the analysis given in Section IX of Volume I.
It generates the estimation error covariance matrix, the optimal estimator
gains, the mean responsa and the state covariance and the response covari-
ance as a function of forward time. It prints out these quantities at three
specified time points. At the final time point (i. e., the release time) the
the state covariance matrix is punched into cards for subsequent use by
ADAP3. The estimator gains and the estimation error covariance are ob-
tained by calling subroutine ESTE if the flag NME # 0. It has two major
loops, data update loop (DO 100) and integration loop (DO 200).

The subroutinc COV flow chart is shown in Figure 63 and the program
listing in Figure 64.

Subroutine ESTE

Subroutine ESTE implements the analysis given in Section IX of Volume I.
It gec•rates the covariance of estimation error and the optimal estimator
gars it prints out the estimator gains. Its flow chart is given in Figure 65
anf-' its program listing in Figure 66.
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NX1 * SX - I
NDPTS1 - NOPTS 1

TES T IF IRUINS To0ý

I CALL R D 15

CALL REVS CALL DOWT

CALL O1FSC CALL DIFSC
CALL GAIN
CALL DIFG
CALL REVS
CALL REDWT REWIND NTAPE
CALL REVG
CALL COV

INPUT KV VIA CARDS

WRITE KV ON NTAPE

r-ALL OIFII' !

CALL REVG
CALL. COV

Figure 59. Subroutine CALLSUB Flow Diagram
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SUBROUTINE CALLSMJINOPTS*KTAPE ,IRUN)

COKMMON
COV.NO4BB(

COMMON

COMMON W3Isql2)sN2(112-17)YBL11791
2)

COMMON p4MfNRE*NR9*DFV(4) .OV~t3)
NXlsHX41

lF(iRU"eN01 GOft' 15
C:ALL REMSMOPTS)
CALL VtF6C(N0PTSv01
CALL GAIN
CALL DIVOIKIAPf.NDPTS)
CALL REVSINOPTSl)
CALL ROWTIMTAPE*ITAPENVPSl)
CALL RE`VG(KTAPE9NTAPfvNDPTSlP
CALL COV

RET1URN
15CONTINUE
CALL ROWT( ITAPENIAPE9NDPTS)
CALL DIFSC(NDPT~t1)
REWIND NTAPE
00 11 Ls:,NOPTS
D0 10 lol*NU
DO0 10 J'1gmx1

10 KVII.J)00*
CALL tNPT(KV*d4.1E)
WRtTEINTAPE)(C KV(I.J~gJ*1,NX1)I1olo")

11 CONTINUE
REWIND NTAPE
CALL DIFGIKTAPF*MOPTS)
CALL REVG(%TAPfvNTAP'EF*OUI'Sl)
CALL COV
RETURN
END

Figure 60. Subroutine CALLSUB Program Lifting
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ZERO 13
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COMPUTE I 1
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TEST IF ý.YES

CMTE3 40-%T~%UECOPT

COPUTE 41J
SF31 ̂ S (&X32)+ BV

42
COMPUTE 4

.C 531, W2X) +W) (S31F)

TE2 NM- YES COMv~0PUTE 1 41.5

Fiur 6.uboutn GAI F-o Diaga (coni2ed
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YES TE

TEST IF L - 1 YE

GO TO 53

PRINT
GAINS AND DETERMINISTIC
INPUT AT RELEASE
CALL MP•(V) /

IGO TOO 200 .-

I
S NNOUT - NNOUT + NFREQ

i PRINT, GAINS AND

DETERMINISTIC INPUT

INNER LOOP B CONTINCE

'RTE NAE3

OUTER LOOP A ONTINU

Figure 61. Subroutine GAIN Flow Diagram (concluded)
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SUBROUTINE GAIN
COMMON A1171l7),DA(17.17),R1I17,4),DSZ(17,&)d12(17,g),082(17.))
COMM-ON BPS(4,4).OQD144,ft HI121917) ,ON1(21.17),D1(2194).0DI(2194)
COMMON 02(21,S),C02(21,3),PV(1?,17).KV(4,16),PV(4).GN(17).AO(17I
C014MON VW(31 ,S1(tt21,21)2(2192:1,I3(21,21b98Pf4,17),DO(24,21)
COMMON SUMt4,4),KWAI4),O(21921),B3(17,S$,DBSt17,3),DKV(491a)
COMMON NXoNRNUNWNRTNMLWLRMOMl.OTMILMIR.NFREOITAPEI4TAPE
COMM4ON XX(1?) ,YY(17k*X~I7.17) .RXI2.) R21.1*(o) ,WI(3.3) sW2(12912)
COMMON W911*12),Hl(12,17)9SL(17*12)
COMMON NME*NRE*NR59DFV(4190VW(3)
REAL KV
LP=S
NXMu 16
NXI*NX+1
NUMw4

C
C READ IN TERMINAL uATA AND FIRST DIFFERENCE
C

READ(ITAPE)( (8(IJ3,Jnl.NU).Iu1.NI~x
READIITAPE) I(8(IIJ),Jaul,3) ,ul.NX)
READ(ITAPE)I B21831J),.JmlNW),IulNX)

READ(ITAPEI((H941(IJ).Jul.NXIImlNREI
READEITAPE)((O1(I.Jh*Jal.NU),tluNRE)

* iREADIITAPE)((D2II.J),Js1,3),Iu1,NRF)
READ( I APE)VW

C
C COMPUTE TERMINAL P AND G

0O 2 Iw1,NX
GNIIwOe
DO 2 JuI.NX

2 PV(IJ)uO*
0O 3 IuiNR
DO 3 Jml*NR

3 S1(IJlvO*
00 4 Iw1.NX
DO 4 JuNR89NRE
00 4 KeNRB*NRE

4 S1(l9JlwSSfI*IJ441(K*I)OtxqJ)
D0 5 Iw1.NX
DO 5 Jwl9NX
DO 5 KeNR8,NRF

5 PV(I9J)wPV(IvJ),Sl(IIK).g41(K*J)
DO 7 I1*1NX
DO 7 K*NR8*NRE

7GN( IluGN(1e+SlhIK)*fD2IK,1)*VWIZ),02(KS2)eVW(2)+o2IK,3)*VWIS,)
DO 100 LwigMO
NNOUTwNPREO
READ(ITAPE)'UOA(loIJ)JlNX)I.1,lNX)

READIITAPE)I(0B2(t.J),Jml,3),Iu1,NX)
READCITAPE)(10B3(1,JIJmlNW).IslNX)
READ(ITAPE)IIDHI(IIJ),J.1,NX),Ia1,NRE)
REAT)(ITAPE)11001IJ),JalNU),IllNREI

Figure 62. Subroutine GAIN Program Listing
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RFAD( ITAPEI)DV W
1FI L*EO.1) GOTO 10
MIMMIP
GOTO 11

10 MIwMIL[1 I4NOUTuMI L
11 CONTINUE

DO 200 NwI9MZ
12 CALL MCOEF(LtN)

DO 14 to1,NX

DO 13 1u1.NU

DO 16 Iw1.NU

DO 16 JwlNX

DO 16 KwINX
14 DQ(ItJ)wDO(1,J)+0OKltKI3OKJ)

D0 17 Iw1,NU
DO 17 J*19NU
DO 18 K*lNX

18 DOStIJ)uD0DhIJ)*DPtIKI)*DlIKJ)
17 1 SUM IvJNUI,)OO(,)D

C 0 INE T (flP+DO(D

C

CALL TDINVR( ISOLIDSOLNUNUPSUMNUMtKWAsDETI
IFM(SOL+10SOLl*GT*21 GOTO 501
GOTO 502

501 STOP 66
502 CONTINUE

C
C COM JTE' GAINS KV
C

00 19 Iq1,NU
DO 19 JsI9NX

DO 20 KnA1.X

00 19 K*1,NR
19 SltIJ)aSl(IJ)4DT*DO(I.KJ*HI(tJ)

00 21 1*19NU
00 21 Ju1.NX
KV( I#J)wO*

Figure 62. Subroutine GAIN Program Listing (continued)
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DO 21KN
21 KV(TJJGKV(1,J)*SUM(1,KIOS1IKgJI

C COMPUTE DETER1I41,1STIC INPUT FV
C 0

IFINM)22930922
22 DO 23 ts1.NU

DO 24 Jwl9NX

D0 25 Jul*NX
25 S1(iVIUS2CK,1)*BP(I,.J)*182(J,13*VWC1)4.82(J,2)*VW(2)452(J.3)*VW(3)

D0 26 Jw1.NR

1(311
23 CONTINUE

I DO 223 Iu1,NU
FV(Ilu0.
DO 224 Jw1,NU

224 FV(I)wFV(l)+SUM(I9J)*S1(J,1)
223 KVfIvNX1)sFV(Il

C FORM (A+BKI AND (H+DKI
30 CONTINUEI DO 27 Iu1.NX

DO 27 Jw1.NX
SIC !.J)aA(I#J)
00 27 Ku1,NU

27 Sl19J)=SltI9J)+B1(I.Kl*KV(KvJ)

DO 28 IslNR
DO 28 Jw1,NX
S2(IJlUH1II .Jl
00 28 Kwl*NU

28 S2(I*J)wS2(IsJ)4O1(l*K)*KVIK9J)
IF(P1MI31945*31

C COMPUTE GMN
31 CONTINUE

no 29 isioNx
S3(I,1)=82(l.1)*VW(1),B2(1.2)OVW(21,B2(1,3)*VW(3)
DO 29 JsI.NU

29 S3(!.1)sS3(I*1)+BI(I9J)*FVfJ)
DO 40 I1,PINX
SIC t92lGN(I)
DO 40 J*1,NX

40 S3(J,2)wSS(I92l+PV(I*J)*S3fJ.1)
DO 41 Is1,NX

* GN(Ilsos
00 41 JwlvNX31

41 GN(I)sGN(Il.S1(J*I)*S3(J#2)
DO 42 Iwl#NR
S3(1,1)a02(1,1)eVW(1),02(192)*VW(2)4D2(1,,)*VW(3)
no 42 Jw1sNU

42 S3I(,)sS31I,1)+DlfIJ)O*FVCJ)
DO 43 ta1.NR

Figure 62. Subroutine GAIN Program Listing (continued)
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S3( 1921.0.
00 43 Ju1,NR

43 S3fI,2)uS3(II2)4Q#IJI'SS(Jq1)
00 44 I*1,NX
DO 44 JwlNR

44 GNII)uGN(I)*DT*S?(JtI)*S3(J,2)
45 CONTINUE

C
C COMPUTE COSTATE MATRIX PVIN)
C

DO 46 I1.NX
DO 46 .JwlgNX
S3( IvJjfO6
DO 46 K*1,NX

46 S3(I*J)wS3fIIJ+S1(KvI)*PV(KvJl
DO 47 !u1,NX
DO 47 Jw3.NX
PV(I$J)0O.
DO 47 Kw1,NX

47 PV(IJlwPV(I9J14S3(I9K)*Sl(KvJ)
00 46 !w1,NR
DO 46 Jwl*NX
S31t0I0.JuO
DO 48 Ks1,NR

46 S3(IgJ)0S3(I9J)4.O(!,~*S2fK9Jl
9O 49 I1=1NX
DO 49 JftZNX
DO 50 Kw1,NR

50 PV(lJ)EPV(I.J)*S2IKsI)#SS(K.J)'DT
49 PV(J.I)wPV(I9Jl

IF(N*NE911 GOTO 53
IF(L*EO*1) GOTO 51
GOTO 53

51 WRITIý(LW#521
52 FORMAT(1H1/7X*41H GAINS AND DETERMINISTIC INPUT As' RELEASE/)

CALL MPINUM*NXM*NU*NXI*KV#L.W)
WRITE(NTAPE) I(KV(I.JIJe1,NX1),tm2,NUI
CALL OUTP(4,16,14U#NXl9KV*LP)
GOTO 200

53 IF(NNOUT*GT*N) GOTO 200
NNOUTaNNOIJT+NFREO
WRITE (LW954 I

54 FOR!4AT(IIH/7X,30H GAINS AND DETERMINISTIC INPUT/)
CALL MP(NUMsNXMNUNX1,KV9LW)

200 CONTINUE
WRITE(NTAPE)I(KV(1,J),Ju1,NX1),I101NU$
CALL OUTPt4,1$*NUoNX19KV#LP)

100 CONTINUE
RETURN
END

Figure 62. Subroutine GAIN Program Listing (concluded)
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REWIND ITAPE, NTAPE

ROT = 3/10T

MOI = MO+1

ZERO 1A
xx, Yy, X, P 

..

TESTA 
DF 100 = 1, MO____

LOOP

SET 15021 READ RTAPA )

t 0.' ,0,.:- -• ) - . 0; 8.• .o•••

TRANSFER THE LAST
500 CONTINUE COLUMN OF DKV

I - - j(LAST DATA POINT)

READ ITAPEESIFL 
YS

0A,8. 82, B3, NI 1. oil O VIN

READ NTAPE

TRANSFER THE LAST

COLUMN OF KVINTOF 5 I• = MI

COMPUTE 6

Figure 63. Subroutine COV Flow Diagram
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iA

COMPOTE 24

DO 200 N s1, MS3= (BPSXBI)'

SICOMPUTE 25

COMPUTE 10 1 S2 =s +(B1)CS 3)
S2 =AXA'2

C 1 COMPUTE 26

= - COMPUTE 12 I S( B ÷ 0 ÷

S2  = AYA'.W63 T 7B 3 ' 4
COMPUTE 27

C- S F1M- E 1 I'-' IUD CS

-- = : 2Si W'*) E

I

YY E(A)OCX) + (B2)CVW)l + (B11EV)I (KVX(XX)1

Figure 63. Subroutine COV Flow Diagram (continued)
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:I

TEST IF NUE-O EWRITE

RSOE 37
X =X +QV 9

CONTINU YES[ I ~COMUPTE 3
S1 = (X)(H1)' CALL ESTE

COMPUTE 40 DIAGONALAELEMENTS 51 CALL FCOEF;

RX = (H)(S1) ONLY

COMPUTE 1411 G TTS5
S1"(D1)BPB)

COMPUTE 42 DIAGONAL
ELEMENTS TEST IF N- NNOUT

AX = (RX) + (SV C1) ONLY ONL• •YES,

COMPUTE 43WRT
S = (BP)(H1)' P MATRIX

(DIAGONAL
COMPUTE , ELEMENTS ONLY)COMPUTE L4 RESPONSECO NE

RX - RX + (D1) (S2V (2.0) COOVARIANCE
iVECTOR

TEST IF W 0 INNER a

WRITE 02 OUTER A CONTIN
TIME POINT L LOOP- + ,
MEAN RESPONSE R

SPUNCH Xr

CONTINUE

Figure 63. Subroutine COV Flow Diagram (concluded)

183



SUBROU7!'; COV
COMMON ,"/917)iPDAtl79l7)9BI ~1794)9081(1794)#822(793)tDB21170,3)
COMMON 2(*,4?,DQD(494),H1(21,17JDH1(21,173,DI(U,94).OD1(2194)
ý'tAMON D21'21.o3)DD2(21.3).PV(17,173.KV(4,18 -FV(43,G~tE(1),AD(I?)
COMMON VW(3) ,S1(21.~1),52(2121I,)S3(21,213,BP(4,17).OO(4,21)
COMMON SM(4e4),KWA(41.0(21,21).833(1703),DB3117,3).cKV(4,la)

COMMON NXgM'R9NUNWoNRTNMLWsLR.MO.MIDTPHILMIRsNFREOsaTAPENTAPE

.IEI'"Nr, NTAPE

RD'.l 4,)
t .,.RAYS

D' lwlv~NX

DO 7 Jz1.NX
X(Iq J)8O.

7 PV(IJ)wO6
1 CONTINUE

CAP..- INPT(X*17,17)
NXI*NX*1
IF(NME)5019500*Se1

501 DO 502 I1=19NX
DO b02 Jwl9NX

502 PV(IJ)oX(IsJ)
500 CONTINUE

C READ INITIAL DATA AND FIRST DIFFERENCE
C

READ(ITAPE)( (A(IJI.JSlgNX),I.1,NXI
READ(ITAPE)( (B1(IJ),JnlNU),IulNXI
READ(ITAPE)( (B2(1IJ)jJsl,3),JlmltIX)
READI ITA'E)t( (3(1,J)JJulNW)igllNXI
READ(ITAPE)( (HN1UJ),Jul.NX3.I-1.NRE)
READ(ITAPE)I (Dit.oJ)gtJ.1,NU)*lulgNRE)
READI ITAPE) ((02(1 'j~ Jn1*3) .l.3NRE)

* READ(ITAPE)VW
READ(NTAPE)( (KV(I.J),juI.NXI),Il.lNU)
DO S33 Iu1.NIJ

333 FV(I)wKV(IvNXl)
DO 4 IulNX
AD (I) mAfll .

4 A (I vI) *ADO(I + I
DO 100 LnX.MO
NNOUTwNFREO
REIAD(ITAPE)( (DA(IeJ)tJa1*NX),iulgNXI
READ(ITAPE3((DBIIIJ)..Jul,94U1,IlnNX)
READI ITAPE) ((0B2(1I J),Jnl,3),IulgNX)
READ(7TAPE)((DB(1,J),JulopNW3,IaI NX)

Figure 64. Subroutine COV Program Listing
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I; READ(ITAPE)((DDI1(J),Jul.NU),I.1,NRE)READ( ITAPE)( (DD2(1 I ,JN ,!3) .1a1.NRE)
READE ITAPEIDVW
READINTAPE ( (DKV(1I J) ýJas1,NX1) .1a1,NU)
DO 3 1*1,NU

3 DFVII)EDKV(I.NX1)

6CONTINUE

DO 10 J1,2NX

DO 10 J8l.NX
S3( 1.J)UOO
DO 10 KmlNW

10 53(IJl&SI(I*J),WXfIK).8(JK)
00 13 !ul.NX
DO 13 J*IfNX

DO It Kn1,NW
11 S2(I9J)NS2(?,J).83(IvKl*SflgcJ)RD

DO 13 Iz1.NX

DO 13 Jwl9NX

DO 16 KIvNU

16 S2(I,1)oSS1(tJ,1). (IJ)*XX(KJI *D

DO 17 IwlNX

DO 17 Ju1;NX
17 YY(!)wYY()l+B1(IJl*X1(J,)

21 IFNE16 .20,1

F ~ Tigur 6. ubouInoCVPorm Lstn cniud
DO 16J=IvN

16 I(II~SI(v~+KVI9)185 J

00 17I*I*NDO 17JwI;N
17YYfuY(&l811JlS(JI



18 DO 19 InivNX
DO !~9 J019NX

19 X(1,J~wX(1,Jl-PV(Iqjl
20 CONTINUE

C
C FINISH UPDATING OF X IF MIKXA*AXKSI*AND BIKXKS1
C

DO 22 IwlsNU
D0 22 Jul$NX

00 22 Ka1,t4X
22 BP(IJ)NBP(I*J)+KV(IK)*X(KoJI

00 23 1s1.NU
DO 23 Jwl*NU
APRfI IJ)vO.
DO 23 KwlNX

23 BPBgIJ)uSPB(IJ)*5PIjgKI*KV(J*K)
DO 24 I1*.NU
DO 24 J*l.NX
S3C?.JluOo
0O 24 Ku1,NU

24 S311,J)nS3(1,J)+SPB(1,K)*B1(JKI
DO 25 !ul9NX
D0 25 JuIvNX
00 25 KulvNU

25 S2(I9J)=S2(IvJ)+81IIK)*S3(KvJ)
D0 26 Iul#NU
DO 26 Ju1.NX
S3(IJ)uO.
00 26 Ksl*NX

26 S3(1,J)O53(1*J)+SPfIK)*A(J*K)
00 27 I'1.NX
DO 27 JnI.NX
S1(IOJ)00*
DO 27 Ku1,NU

27 S1(I9J)wSS(I9J)+B1(I9K)*S3(KJ)
DO 228 Iw1,NX
DO 228 Ju1,NX

228 S31JI)wS1(IqJ)
DO 20 IalNX
DO 28 J I#NX

28 S2(IJ)NS2(IJR4SI(IJ),53(1*Jl
IF(NNOUT-N)9093099O

30 CONTINUE
IFNM )31 ,35.31

C COMPUTE MEAN RESPONSE
C

31 CONTINUE

DO 32 Iwl9NRE

RI 1,1)uD21 I,1)*VWII)*D2( I 2)*VW(2)+D21 I,3)*VW(3)
32 R(I,1)uR(I,1)+HI(IgJ)*XX(J)

DO 33 Iin1.NU
Sl(t,1)=FV(I)

Figure 64. Subroutine COV Program Listing (continued)
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00 33 Jflt4qX
S 3 Sl(I9l)wS1(IIl)*KVfIIJ)*XX(J)

DO 34 Is~oNRE 211 FOR'4ATISOH S12,lIIUFIO.1))
DO 34 Jn19Nu 210 CONTIN'JE

k35 CONTINUE IF(RMISM)0#51 ,5O
C 50 CALL FSTE(NNNtOIT)

C COMPUTE RESPONSE COVARIANCES 51 CALL FCOEFIL)
C 00O 52 11,ONX

IF(NME136936*36 X1*Y1
36 DO 17 Iw2*NX no I7 ,J)-7(I .

37 XfI9J)wX(I9J1.PV(IoJ1 52 X(J9i)aS2119J)
33CONINUE F (N-NNOU1T)401 .4n004n1

DO 39 Jw2*NRE WRITE(LW9510)
S1(IJ)U0. 510 FORP4AT(1HI/7X9IOH X MATRIX /
DO 39 Ku1vNX CALL MPf17917,94X9NX9X#LW)

39 SI(f9J)US1fI*J)*X(Ik#KjH1(jqK) 401 CONTINUE
DO 40l w19NRE 200 CONTINUF
RX( !.1)u0. 100 CONTINUE
DO 40 Js1#NX CALL OUTP(17,17.NX*NX#X*LPI

40RXfI,1)uRX(1.1)44411(J)*SI(JsII RFTUIPP
00 41 I1=.NRE N

00 41 J=lNU

DO 41 Kw19NU
41 S1(IJ)uSltt*I.J)D1ItK)*SPB(K.J)

0O 42 IuleNRE
DO 42 J=lNU

42 RX(I9I1)RX(I,1)4.S1(I#J)*D1(IIJ1
DO 43 IulNU
DO 41 .J=4,NRE

DO 43 Ku19NX
43 S1(I9J)uSltI*J)+8PtIvK)*H~fJ*K)

DO 44 1*19NRE
DO 44 .JwlNU

44 RX(I,1)uRXtI,1)4.O1(I.J)*S1IJK).2.
IF(NM)2209250,220

220 WRITEtLW92011
201 FORMAT(1HI/7X,1SH MEAN RESPONSES/I

101
WRITE(LW,2041L
WRITEfLW*203) (J*R(Jv1),J1*NRE1

203 FORMAT(8(2H R12.1HwFIo.3J)
204 FORMAT(12H TIME POINT 12MI
202 CONTINUE
230 CONTINUE

WR ITEl LW9205 I
205 FORMAT(IH1/7X#21H RESPONSE COVARIANCES/I

181
WRITE(LW,204)L
WRITEILW,211) (JRX(JI),JulNRE)

Figure 64. Subroutine COV Program Listing (concluded)
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ENTER

NXM = 17
ROT = hOT

COMPUTE 1
Si (PV)(H�) Si = CB3� CWi�-

CO MPUT E & SE
w

S3 -3 + (H2)CS1)

Q S3

��TE6 ESTIMATOR

Figure 65. Subroutine ESTE Flow Diagram
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SUBROUTINE FSTF(NNNOUT)
DIMENSION KWAAII7)
COMMONM A(l7,17).DA(llgl7)g81417,4) ,D61(17,4),B2(17.31,082(17931
COMMON BPB(41,4)*DQD(4*4)PH1(2191?goDHI(21*1719DI(219419DDI(21941
COMMON D2t21,3),DD2(2193),PVI17,17) ,KV(4.16I ,FV(4) .GN( 17) ,AD(17)
COMMON VW(3) ,S1(21.2l).S2(21.21),S3(21,21),8P14.17).OO0(4221,
COMMON SUM(4.4).KWA(4),O(21,21),B3(17,33,o83(17,3),oKV(4,1e)
COMMON NXNRNUvNWNRTNMLWLRMOMIDTMIL.MIR.NFREOITAPENTAPE
COMMON XX(17),YY(17),X417,17),RX(21,1) ,R(21i,1)sW1(3,3),W2(12912)
COMMON W3(3912)9H2(12%I7198L(17*121
COMMON NME*NRE*NRR*DP'V(4?,DvWE3)
REAL KV
NX4;,17

RDTal. /DT

DO I Ku1,NX

O'IIJUSII.

50STOP 6c Sit 1,J*aO.

DO 3 KalvNX 01K1 W
5 X(fI9Jl=uX(IJl+HA(IvK)*SI(KJ) 10P(IJPV J)SI.*BJ,
2 X(IqjlwS3(Ij),3IK*jKJ.D 01 uR

DOL 6 Ju1, OvISO9N~NRT%3 DlOKW1AAu0.T R

Bit4 ISIN 9Ju.1 StIIJ)uSl(1,J),BL(IJK)*OI(KJ)ODT
DO 6 Jw1,NRT DO 12 I-1.NX
6 BtIJ)nBt,)X(,)S*KJ*D 00 12 JUIONX
DO 7 KIvNX DO 10 Kl9NRT
5O 7 IJslX(9)A*KSl9J 10 PV(I#J)mPV(I*J)+StIIKI*8L(JK).O

DO 4 KulgNX O1 l~N
7 SltIJ)UX(I.J).AtI,9K)*Wv(KJ)*D 21 1ONTINUE N

DO 8 IulNX WR!T(LW,221
DO 6 JwI.NRT 22 FOMT1 17,6 ESTMATR AIN//
PV(l*J)uO* CAL MP(17.12,NXNRTBL ,LWK)*KJ*D
006KDORTD 12 WRIT IWNX

008 PVIJwuPvNIX .lI,)A K 513 FORMAT=P(1H/XIOH PH MATRIX/3K)O

DO 7 KI9NX CALLMP(17,)0917,XXV.W
DO S(9 J.1,wll*)A9KPV9 20 CONTINUE

DO 8 Iw~vNX RIETURN 2
DO J~vN 22FORATIHIX*6HESTMATR AIN//

Fiur 66 Subrutin ESITE Proram 1 tin
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ADAP 2 DATA MANTPULATION SUBROUTINES

Subroutine DATAGEN

Subroutine DATAGEN implemerts the analysis given in Section VI, Vol-
ume I. It generates the shuffled and augmented linear data. It reads the
state component shuffling data and the .:..iginal linear data stored in perma-
nent disc file by ADAP 1. It shuffles the data in accordance with the shuffling
indices and writes the augmented data in a scratch disc file. Its flow chart
is shown in Figure 67 and its program listing in Figure 68.

Subroutine SHUF

Subroutine SHUF shuffles the matrices in accordance with the shuffling
indices. It is called by subroutine DATAGEN. The subroutines flow chart
is shown in Figure 69 and the program listing in Figure 70.

Subroutine REVS reads the shuffled and augmented linear data from

scratch tape and reverses their order with respect to time points using the
relation

0 (tk) = f(tn - tk)

It stores this data into scratch tape. The backward time data is used by
subroutine COV.

The flow diagram of subroutine REVS is shown in Figure 71 and the
program listing in Figure 72.

Subroutine DIFBC

Subroutine DIFBC reads in the lineax data and computes the current dif-
ferences from

& = f(-t - 1) - f (o

and writes on a scratch tape. The data updating uses this difference.

The subroutines flow chart is shown in Figure 73 and the program listing
in Figure 74.
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GTD

REWINDITAPP

END TER I

READL SHUF

WRIEA $TAPEF
FF, GI GG2, GCZ G3, Hl.DI 2. VIW)

Figure 67. Subroutine DATAGEN Flow
Diagram
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SUBROUTINE DATAGENt ITAPPFNDPTS)
DIMENSION FF120,201 ,GO1(20,UIGG2120,6),GG3(20,4)tHH*2121.121 .VVW(3

COMMON A117.173,DA(17,17),81(17.4),DB1(17,4).R2117,31.D82(1?.3)
COMMON B3PB(A4I,1DODI44.),HI121.1TlDH1(21.17I.D1(21,4).DD1(2164l
COMMON 02(2193).DD2121.31,PV117,17),KV(4418),FV(4),GN(17),AD(17)
COMMON V1013) ,S1(2l,2l,9S2C21,21),S3(21.21$,BP(4,17),DQ(4.21I
COMMON SUM(b4J.)KWA(41o,0(21,21).B3(17s,3).D83(17.3),DKV(4.18)
COMMON NXNRNUNWNRTNMLWLR,140,MIDT.MILNIR.NFREQITAPENTAPE
COMMON XX(17) ,YY(17),XII?.17),RXI21,1),R(21,1)i.WI(3,3),W2(12,12)ICOMM4ON W311391219142(129173.BL4179121rCOMMON NME#NRE#NRB.DFVf4)*DVW(3l
REWIND ITAPPP
READ(LR#11 I SHUF

11 FORMAT(2112)
0O 10 Lw1,NDPTS
READITTPFF
READ(ITAPPF)GGI
READI ITAPPFIGG2
READ(ITTAPPF)GG3
READI ITAPPFIHH2
READ( ITAPPF)VVW
CALL SHUF(FFPGG1,GG2*GG39VVW#ISHUF)
WRITE(ITAPE)( (FF41.3 Js1,nlNX).Ia1,NX)!1 WRITE(ITAPE)(IGGI(IIJ),Jalgt4U),IuINX)
WRITE(ITAPE)UfGG?2IIJ)*Jul9 3)tIal9MX)
WRITE(ITAPEIf(G03(I.JlJul.NWIIllNXI
WRITEIITAPEI((t"lCI#J~vJurlNXIIllNREI
WRITE(ITAPE) (011 IJ),Jul.NUIIm1,NREI
WRITE(ITAPE,1(ID2(IJ)JnJu13).Iaw1.NREI
WRITF(ITAPEIVVW

10 CONTINUE
REWIND ITAPE 

ENTERETURN
FNI)SDL 1,21

FF MATRIX

Figure 68. Subroutine DATAGEN SRUFFLE
Program Listing 66GMTIX

NG tkfRDC!

SHUFFLE 17 1
063 MAI UX

SHUFFLE
VW VECTOR

RETURN

Figure 69. Subroutine SHUF
Flow Diagram
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SUflROUTINE SHUFfFFGr16IG?GCG39VW.I1.hUF)
UIMENSION FF(20.?0I ,GG1(2'.'N),GG~t2O,6IG(?34(7f:.4) V,Vv13
DIMFNSION D(20,20)9ISHUF(42)

C SHUFFLP F MATRIX
C

IIaISI4UF(!)
DO I Jul.20

1 D(1,J)nFF(11*J)
DO 2 1*1920
DO 2 Jul.20
JJs!SHUF(J)

2C ~ IJu(*J

C SHUFFLF GI MATRIX

no q J10170
fI.ISHUF( I)

3 fl(19J)aGG2(IIPJ)
00 4 Jul.920
DO 4. J8198
JJuISHUFIJ+7O)

C 4 (;61fIvJ)Ur)(I91J1

C SHUFF'LF G7 MATRIX

DO 5 1*19201 EIIANTP

nO q JR196
5 fl(IJ)OGG21119JI O I O

no 6 Jul920
no 6 J811,6
JJ=ISKUF(J+ZlCOPT H LS

6 GG2(IPJIuD(19JJ)REDATPON

C SHIJFFLF GS MATRIX
r

DO 7 1.1.20D0 -i
II. ISHS~f I)
00 7 J0194

7 D(IIJ)UGG3(IIIj1 RA.B.BB.H.DD,

no a jai.*4
JJu!SHUF(J,34)2

a GG3(IqJ).OD.IJJ)

C SHUFFLE VW WRITE NTAPE

C O9190 A. 81, 82, 83, HI, DL. 02, VW

1I .S)4UF( 1+30
9 Dtlv1)*VW(JI) REWIND ITAPE

n0 10 1a.1.3

10 VW(I1a)uDII,) -CONTINUE9

RET URN
FND

Figure 70. Subroutine SHUF Figure 71. Subroutine REVS Flow
Program Listing Diagram
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SURUTN REVS(HOPTS)
COMMON AI17,17p.DAg17,17pS1(17.4),D81(1?,4),s2(17,3).oez2 17.1)I COMMON SPS(4a41.OQO(4.4)gH1(2l17),DH1(21,17).Oi(21,94,ODD(21941

L COMMON 02(21,33.002(21.3),PV(27,17),KV(4,18).FV(4).GNI17),AD(17)
COMMO VW43) ,Sl(2l,21).S2(21,21),S3f21,2l),SP(4,17),DG(4921)
COMMON SUM(4.41,KWA(44).(21,211,S3(1?,3).!)83(17.3),OKV(4,1sp
COMMON NX.NR.NUNWNRT.NMPLW.LAMOI4IOTvMILMiRNFREQ.ITAPENTAPE
COMMON XX417),YY(1?1OX(17,17),RXIZ191),P.I21,1),W1(393;,W2(12,12)
COMMON WS395121,M2(12911#)8L(179121
CO0MMO NNE.NRE#NRB#DFVg&),#DVW13)
REAL KV
REWIND ITAPE
REWIND NTAPE
D0 1 Ke1.NDPTS
JJN"DPTS-IC41
DO 2 L019JJ

READ(ITAPElt((B1(,.flJulNUX)slaI.NXI

READ(ITAPE)IS(Ig41JIJnleNW),Ie1.NXI

READ(ITAPEbI £HI(I.j),jsINXI.Iml.NREI
READIITAPE)((DI(IJ),Ju1,NU).Iu1,NREI
ftEADI ITAPEIE (02(.*J),JnISI.IuleNRE)
2READ(STAPEIVW
2CONTINUE
WRITFINTAPE)t(IA(IJ),JmI.NX)IulINX)

WRITEENTAPE)I(82(SZ(J).Jm1.3).I.1.NXI
WRITEINTAPE) (1S341tJ),JuuI.NW).Iul.NX)
WAITEINTAPE)I (HM19JIJ).JmNX).Iu1.NRE)
WRITEINTAPE)I(IDI(lJ).JaIeNU)IulmoNREI
WRITEINTAPE) £10211 gJ) .4.1.3) eI.NRE)
WRITE INYAPE) VW
REMIND ITAPE

1 CONTINUE
REWIND NTAPE
RETURN
END

Figure 72. Subroutine REVS Program Listing
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C 00 T0 0

COMUTERI

FLOAT FMIL MIL
FMIRUIR RD

TEST IF IFB -O0IE

NO

FMIL FMlL
FMIR--FMIRI RTIFI

CONTINU

82 ~ ~ ~ ~ ~ ~ ~ A DB 0B22,) D133,XhU OHL9X~i A-UiK COPUE 2, 33,

WRIEA NTAPE
A, 83. 52, 83, HI. 01, 02, VW CMUE142.

AB (6)D) 6 DI0),D3 (BX~ A (A(t

Figure 73.,ubotieD,3CFowD1ga
52 (2(W Bl(B2t(At),Bý*(:3)(A4ýA-4)06) 15,3,33i1-0. OPT
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COMPUTE 76,42,41

02 - (D2 - DD2(RRDT)
D.= -(01 - DDIXRRDT)
HI , (HI - DHI)(RRDT)

COMPUTE M77[

DViaWga (VW- DVWXRRDT)

SWRITE ITAPE

A, 01, 82, 83,. H1, 01, 02, VW

a82= DB2, B1 - DBI, 83 = DB3, A - DA

SE6

!D2 ,i DOE, OD1, D HI 01,12

.-(•CONTINUE

[WRITE ITAPE 
'

A, 61, B2, B3, H2, DL D2, VW

Figure 7;3. Subroutine DIFBC Flow
Diagram (concluded)
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SUBROUTINE DIFBCINDPTSIFBI
COf4MON A(17,173.DA(17.17),81(17s4*)D81t17.4) .82(17.3).0B2(17,3)
CCM14ON 8PB(4.4),DOD(4.4)eH1(21g17pDN1(21.17),D1(z1,4),DD1I21,&)
COMMON D2(Z1,3)iOO2(21,3),PV(17,11).KV(4.18),PV(4).GN(17),AO(171
COMMON VWI3) ,S1121,?1),S2(21,21),S3(21,21),BP(4,17)gDQ(4,21)
COMMON SUMI4s4IKWA(41,Q(2lp21)B,3(17231eD83(17,3).DKVt4.10)
COMMON NXNRNUNW,-NRTNMLWLRMOot4laDTMILMIRNFRE0gITAPEVP4TAPE
COMMON XX(17),YY(17),X117,1fl.RK1?1l.1).R(21,1),W1I3,3).hI2(12,12)
COMMON W3(3v12)*H2%l?,17)99Lfl?v12)
COMMON NMEoNRE*NRB,9DFV(41*DVW(3)
REAL KV
FMILwMIL
FMIRsMIR
IF(IFB*EQt.O1 60T0 200
FIP111-PI41L
FMIRw-4PMIR

200 CONTINUE
REWIND ITAPE
REWIND NTAPE
READ(N7APE)( (A(loI.JO .uoNXI9lulNXI
READ(NTAPE)(IBSI(jJ),Ju1,NU)gOllNX)
REAo(NTAPE)( (82£IJhgJul,3),Ia1NXI
READINTAPE) (£8311 .J) ,JmtdW) ,IulNX)
READINTAPE)t (HIl.lJ).Jul.NXIul.INRE)
READINTAPEIC (D1IIJ),Jsl.NUi;IulNPE)
READEMTAPE)( DZ1D9IJ)eJu1,3)1u1.1NRE2

ii ~READMNAPEMV
DO I tul*NX
DO 73 JU193

73 82( I.J)uS2(I .Jl0T
DO 2 Jet oU

2 81(I..J)wS1(I*J)#DT
00 3 Jw1,NW

3 B3(I.J)w83lI9J)*DT
00 1 J.1.NX

1 A(tvJ~wA(IvJl*VT
WRITEGITTAPE)£(tAtIJ).Js1,NX)VIs1.NX)
WRITEIITAPEIfl(lIIJIJul.NU)Iu1,INXI
WRITE(ITAPE) 1(82(1.J).Jul.3).?a1,MX$
WRITE(ITAPE) ((S911J)Jual.NW),isl.NX)
WRITE(ITAPE)I (K1(1gJIJuINX)%i.1,2NREI
WRITE(ITAPE) £(D1(IJ),JulN#U),Im1,NRE)
WRITEItTAPE) 11021 1,J),Jul.3),Iu1,NRE)
WRITE IITAPE)VW
DO 100 L=2*NOPTS
If(IPS.EQ*0) GOTO 201
IF(L*EO.NDPTSO GOTO 11:1 GOTO 10

201 CONTINUE
IF(L*EQ*21 GOTO 10

10 RRDT&1./Pflt.
GOTO 12

11 RRDTa1.IPMIR

Figure 74. Subroutine DIFB3C Program Listing
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12 CnNTINIJF
READ(NTAPE)'I(DA(IIJ),JuIMIX).1a1.NX)
REAO(NTAPE)IE(O1I(1,J~,Js1.NU).Iu1,NXI

READ(NTAPE)( (DB3(1,J),Ju1,NW).1u1.NX)
REAOIt4TAPE)UODH1(1,J),Ju101X).IulIRE)

READ(NTAPFf1((OD2(IJ)*Jslv1)s!Ul*NRE)
RFAD (NTAPP ) VW
00 21 1=lNX
no 74 J2193Do9J04

74 M2100R*M 79 Ju(lo .,o"1kzDO 2? JO1.NU DO 62 !J)=D?19 J
*22 D81(I#J)vD~l19J)*bT 6 6 62 nIIJu1.NUI#

00 23 .jm1,NW D0 61l Jw1.NX
23 DH3(1,J~un!33IKJj*0T 61 H1(TJ)*DHl(IvJ)

DO 21 Jwl.NX nO 60 1=1*3
21 DA(t#J~w0A(I.J)*0T 80 VW(!)anVW(I)

no 31 1*19NX 100 CONTINUE
nlo 75 jsI.3 WRITE(ITAPE)t(A(IIJ),Ju1,NX,,ls1Pg2X)

75 P2(IJ)u(R.2(11J)-r,'2U.J))*RRnT WRITEIITAPENIR1I?,oJ).JulNti),IalMýX)
DO 17 Jw1,NU WR ITE( ITAPE It(R2( 19J) P.040!0)$I= It X)

no 33 Jw1,NW WRITE(ITAPE)((H1(IJ),Ju1,f4X),IlulNREI
33 !ý3(1,Jai3tl3(1,Ji-0I33itJ)i'fRUT WRITE(ITAPE)( DI1(1gJ),JmlNIl)hIU104RFI

nO 31 J*l.NX WRITE(ITAPE)((D2IIj),ju1.3),Iu19NRE)
31 AtIJ)*(A(T*i)-DA(IJ)I*RRDT IIRITE(TTAPF)VW

n0 41 T*1,NRE REWI!ND TTAPP
nO 76 Jm1,3 RFwTNI) NTAPF

76 r)2(lJ)w(f,2(lJ)-Dn2(!,J))*RRDT RETURN
DO 4? Jm1,NU FND

D)O 41 JwlNX
41 H1I(TJIu(t4I ,oJI-nlflo,1JJ)*RRDT

DO 77 Imleg
77 VW(1)w(VW(I)'D0VW(t)I*RROT

WRITE(ITTAPEI ((A(IJ),Ja1,NX3,Zu1.NX)r ~ WRITr(TTAPF)( (R1(TJ),JultrMU).?u1,NX)
WRITF(ITAPE)(I (F2(1,J).Ju1,3).I1.1NX)
W141TE(ITAPE I 1R3(1,J),JElNW),IllNX)
WRKTEIITAPF)I IHlII.J).Ju1,NXI.Iu1,NREI

WRITFEITAPE) ((021(1J),JuI,3U),I.1,NRE)

WRITF(ITAPEIVW
10 5218!alNX
0O 7A Jwl,3

78 n2(!,J)wDA2(19J)

no 52 Jwl9NlW

nO 51 Jw1,NX
i'l A(1,J~mDA(19J)

n0 61 wI9NRE

Figure 74. Subroutine DIFBC Programa Listing (concl.uded)
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Subroutine BCOEF

Subroutine BCOEF generates the current value of linear data backward

in time from

f(41) =

where Af(/,) is computed by the subroutine DIFBC.

The flow chart of the subroutine BCOEF is shown in Figure 75 and the
program listing in Figure 76.

Subroutine DIFG

Subroutine DIFG generates the current slope of controller gains from

AK(,) = EK(t - 1)- K(03)/AT

and stores them in a scratch tape. It basically performs the same function
aa the subroutine DIFBC.

The flow chart of subroutine DIFG is shown in Figure 77 and the pro-j gram listing in Figure 78.

Subroutine RDWT

Subroutine RDWT transfers the linear data from one scratch tape to
another. Its flow chart is shown in Figure 79 and its program listing inFigure 80.

Subroutine REVG

Subroutine REVG basically performs the same function as subroutine
REVS except it reverses in time the current slopes of controller gains
using

K(tk) = K(tn -tk)

The flow chart of subroutine REVG is shown in Figure 81 and its program
listing in Figure 82.

i
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ENNTER

TEST•IF•L- I
YES

TEST IF N - -
YE•S

S SET AD *YE A 4,)L

CONTINUE

COMPUTE
A-A-DA+I
B2 - B2 - DB2
B1=B1-DB,

COMPUTE 12,9,8
D2: D2 :D
D1 DI- DD I
HI-H -OH I

! COMPUTE 10

IVW-VW-DVWq

(RETURN)

Figure 75. Subroutine BCOEF Flow 
A

Diagram
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SUAMflUTINE nCOFF(LfN)

COMMON A(17,17.ODA417,17).;zll(
7,'4) ,Ql(17.4).Q7(17.!,3(7

COMMON V()#I29l*Z29l932*1*P4110(91
COMMON SU1*)KA49(12?8173*B(73*K(90

COMMON l4X9NHNUv4WvNfkT9 I IO4LWOLfMOs4l 9DT*M IL:1R#NFRC'pftITAPI:NTAPr
COMMON SUM174,'.),KWAX41,Q1714RP 213117R32,D 113W17,3),DKV( 121$)
COMMON XX(17l)9Hf2 )9L19P

COMMON NENENfeF()9II
RFAL K
1p(L-2)39191t7 nO 4 ISl.NX

9 CONTINUF
n0 5 I1*1NX

9 A(I,!)cA0(?)+1.
DO06 1=lNX
00O 11 JBl,3

n0 7 Jsl#NU
7 fl1(1*J)wBI(1I1J)-DR1(KJ)

"no 6 .jxl#Nx
1F(K.P0.Jl 10TO 6

6 AnMTINUE
DO il 1.19NR
DO 12. Jal.3

12 D2(11J)m.D2t1,J)-D07(JJ)
tDo 9 J01,NU

9 nlllJ)*D~l1,J)-DDI1vJ)
n0 A J'tl*NX

no0 10 I*l,3

RETURN
F~f)

Figure 76. Subroutine BCOEF Program Listing

$ J 201



_ NX+

L" MilI

,, 'IWIqTEPKTAPE V( 
GO TO 12 Y-ES

%X-X I TETIAL-

I i

4. il

REEAD NTAPE
KRDTKV _/M

KV cMUEk D

KV - (KV-DKV)RRDT SLOPE

WRITE KTAPE

KV

CONTINU

IWRITE KTPE)v•

Figure 77. Subroutine DIFG Flow Diagram
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SURROUTINE r)IFGIKTAPF9NDPTS)
COMMON A(17,17),DAt17,173,B1I17.4),DBI(1794),flp(17,3),D'12(17.33
COMMON BP8(494),OQD(4,4),I-11(21,17),DH1(21,17),D1(2194),Dfl12?l,,,
COMMON D2(2193),0021I713),PV(17,17),KV(4,18),pV(4),6N(17),ADt17)

COMMON SUM(4.;).KWA(4)tO(21,21),BS(17933,0133117,3).;KV(4;18)

COMMON NX~t.llNU.NWNRTNMLW.LR.oi,0.:4II DT9M I oejI ReNFREU IT APE *NTAPC

COMNNP4E,MlRFI'RR#DFV(4) .DVWf3)
RFAL KV
RFWIMC) NTAPF
RFWJND KTAPF
NXlwNX*1
FM? LuMIL
FMIRaMIR
READ(NTAPE)((KV(1,J),J211,NX1),Iul.Mu)U
WRITE (KTAPE)I(KV(IJhoJulNX1),Iulti.?)
DO) 100 Lw29NDPTS
IF(L*EQ*2) COTO 10
GOTO 11

10 RRDT=I*/FMIL
COTO 12

11 RRDTu1./FMIR
12 CONTINUF

REANINTAPE)(IDKV(1,J),Ju1,NX1),Iu1,riU)
nO 20 IulNU

20DO 70 J=1,NX1

WRITEIKTAPE) ((KV' I J3 ,Jnl.NX1I .!u1,NU)
00 21 I1,#NU
no 21 JiulNX1

21 KV(1,J)=DKV(Ij)
100 CONTINUE

WRITF(KTAPE)((KVU,9J)%JnlNX1),IU1,NU)
RETURN
FND

Figure 78. Subroutine DIFG Program Listing
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fAB SiB 5 .3, H 1, D L D2, V W Figure 79. Subroutine RDWT FLOW
Diagram

SURROUTINF RDWT(LTAPE,:4TAPE9NNNN)

COMMON 8PB(4.4),DQD(4,43.HI(21,17) ,DHl(?1,17),DI121,4),DD1(21,A)

COMMON 02(21g33.0D2(2193),PV(lI.17) ,KV(4,18) ,FV(4).GN(17I.AD(173
COMMON YW(3) ,Sl(21,713,S2(?l,2l),S3(21,21)d'PtA.17).DQ(4,21)
COMMON SUM(494JKWA(43,Of2l,2J).B3(l7,3),Dti'(1793),DKV(4.18)
COMMhON NXN4RNUNWNRTNMbLWLRMO.I ,lDTPt41LINIRNFREQITAPINTAýPr
COMMON XX(Y7) *YY(17),X(17,17),RX(?1.13 ,k12lI) ,WIt3,33 .W2(12.123
COMMON W3(3.1211,H-2(1291711rlL(17P121
COMMON N ME 9tI R F # PI RV ) FV(4 ),9D VW ( 3
REAL KV
REWIND LTAP'
REWNIND MTAPE
nO 10 Lwl9NNNN
REAf,(LTAPF)U(AtIJ),Jm1,NXJ,!U1,NX)
READ(LTAPE)((t131(IJ),J1.*NU).IU1.oNXI
READ(LTAPE)((D2C1,Jh*Jul,3),IU1,lX)
REAfl(LTAPE)(j113(1gJ),JU3,NW)*IU191NX)
READ(LTAPER( (H1(IJ2.Jul.NX).lu1.NRIJ)
RFAD(LTAPEI ((Dl1( J) ,Jmi gNU) ,IulNRI:)
REAn(LTAPE) ((D2(1,J),JN1,3),I1,1NRE)
REAn(LTAPEIVW
WRITF(MTAPE)(I(A(IJ3,JulNx).Il.lNX)

WRITEIMTAPE)I(R(I,(1J),JaIDI3).!.1,NX)
WRITE(MTAPE) I 21R3 J) .J1.NW3 .!ul NX)
WRITE IMTAPE)((8H1(J),JslNX),IulNRF3
WRITEIMTAPE)(I (D1(IJ),Ju1,NX),IllNRE)
WRITEINTAPE) I(D2( IsJlgJslog3)gluliNRE)

W¶RITEIMTAPEIVW
10 CONTINUE

RETUP'i
FND

Figure 80. Subroutine RDWT Program Listing

J
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%.~ U SMinL..I

I
4

I

#61NX.1 k+

A60IN0 LTAPE. MTAPF

- NDPTS- L 4 1

D02 K-LJJ

2READ LIAPE
KV

WRITE MTAPE
KV

REWIND LTAPE

CONTINUE

REWNIND UTAPE

Figure 81. Subroutine REVG Flow Diagram
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SOP~ROUTINE REVG(LTAPFMTAPFNDPTS)
COMMON A(17917),OA(17,17).R1(17,4) ,DtB(17,4) ,EiP(l7,3) D832C17.3)

COMMON D2(21,3),flD2)1,3),PV117,17).K~Vt4,18),FV(4),GNI17),AD(17)
COMMON VW(3) .S1(21.21),S?(21,?1),S3(21,11),RP(4.17),OO(4,?1)
COMPON SU)M(4,4),KWA(4).O(?1,21) ,1(17,3),oDB3(17.3),DKVI44,I)
COMMON NXNR,9NUNW.-liRTN:4,LWLRot4OVIOTMlLMIHsNFREQITAPLNTApr
COMMON XX(17),YY(17),X(17.17)oRX(71,1),R(21.1).Wl(I,3) .W2(12,1?)
COMMON W3(3v12)9H2(12,17)vAL417912)
COMMON NME*NRFPMRB*DFVE4)oDVW(3)
REAL KV
PMX1.NX.1
RFWINf) LTAPF.
REWIND MTAPE
DO 1 Lwl9NDPT5
JJuNnPTS-L41
DO 7 K*19JJ

2 READILTAPE)U(KV(Ij),Jul.NX1).IllNU)
WRITE(MTAPEU(KV(1,J),Ja1,NX1),!a1,NU)
IFWINMD LTAPF

I CONTINUE
REWIND MTAPE
PETURN

Figure 82. Subroutine RIEVG Program Listing
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Subroutine FCOEF

Subroutine FCOEF generates the current value of the forward time linear
data from

f(k) = f(k- 1)+Af(k)

The flow diagram of subroutine FCOEF is shown in Figure 83 and the

program listing in Figure 84.

ADAP 2 AUXILIARY SUBROUTINES

Subroutine MP

Subroutine MP prints the matrix quantities. Each row of printed matrix
is identified. Its flow chart is shown in Figure 85 and its program listing in
Figure 86.

Subroutine INPT

Subroutine INPT reads in matrices from cards. Each nonzero element
of a matrix is identified by its row and column indices. Up to five elements
can be input on one card.

The flow chart of subroutine INPT is shown in Figure 87 and the program
listing in Figure 88.

Subrout'n~e OUTP

Subroutine OUTP punches matrices into cards. Its flow chart is shown
in Figure 89 and its program listing in Figure 90.

Subroutine TDINVR

Subroutine TDINVR is a general-purpose matrix inversion subroutine.
It uses the Gaussian reduction. Its program listing is shown in Figure 91.

20

207



COMPUTE .-- 1
A;A +DA + I
8 82 + OBLBI - B1 +06)1

.1

83 -83 +083

COMPUTE 13,10,
02, WD) +(DD2)
01 z (01)4+(ODD)

COMPUTE 14
VW =VW + DVW

COMPUTE 1
FV - FV +DFV
KV = KV + DKV

Figure 83. Subroutine FCOEF Flow
Diagram
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SURROUTINF FC0FF(L)
COMMON A(17,l7),0A(17,17JMI(17.4),DB1(l7,4),fn~( 7.3),DR2(17,3)
COMMON UP8(494).DUfl(4,4).HI(21.17),DH1(21917),01(21,4),DF)1(21.4)
COMMON D2(?1,3).DD2(21.3),PV(17,17) .KV(4,l8),PV(4hoGN(17),AD(17)

COMMON S'JM(4*4)~.#K;A(4)9*Qt21*21) s~(73~)?1?3sK(o8
COMMON N4XNRN'UNWNiRT.N'4,LWLR9.?'OMI.DTMELt,141RNFREc,.1TAPLoT,NTPr
COMMON XX(Il),YY(17)tX(17.17),RX(21,13 .R(21,1),W1l(393)o.W2(12'.12)
COMMON W3(3v12)vH2(17,17J#9L(1?*12)
COMMON NMEvtJRENIQB.DFV(4)@DV'-'(3)
REAL KV

Anrl( IAI.(I)+DA(J,12

"0i 6 1-1eNX
no) 11 Jolol

nO 7 Jzl#NtJ

DO 0 JulNW

IF(I.FO*J) GOTO 6
A(1JJ=A(1,J)+!PAf19 J)

6 CONTINUJE
DO0 9 1*lNR
no 13 J=193

13 D)2(1#J)N02(IPJ3+1302(IPJ)
no 10 J"I#N0

10 131(!,J)wDl(IJ3+flD1I,~J)
00 9 J01,NX

9 H1(IJ)NHI4(IPJ)+nHI(1,J)
DO0 14 !s1.3

14 Vl'.'(1)wVA'(1),DVW(f)
DO0 12 !m1.NU
FVC !)nFV(J)+DFV1 S
DO 12 Jwl#NX

12 KV(ItJ)=KV(Itj14DKV(I*J)
RlETURN
FMD

Figure 84. Subroutine FCOEF Program Listing
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001 H11,

WRITE ROW [I

WRiTE 1
A(IIJ), I LJJ

RETURN

Figure 85. Subroutine MP Flow
Diagram

SUBROUTINE MP(!(,LIJALW)

DIMFNStON A(KiL)
DO 1 11.1,!
WRITF(LW95)I I

5 FORMAT(SH ROW I)
I WRITEiLWv2f(AII9IJJ!,JJal*J)
2 FORMAT(1OE12*41

RETURN
END

Figure 86. Subroutine MP Program
Listing
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YES Figure 81. Subroutine INPT Flow
itp Diagram

S EnOTN IN=IOT(AT,

2 20

1READ15.2)3rI 3 )JO(IltYDIl)vID(2)PJDI2),YD(2),ID(3),JDI))*YD(3)o

IFf IOI)13910,,

3 f00 6 Lwut,

7 1.Pm(L)

6 CONTIN11F
GOTC) I

10 CONTIMUF

FND Figure 88. Subroutine INPT Program Listing
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SET 0

I YE

NO
]INCREME,'T !

+ 1

YO(fih) = Y (K,M)

ID (iid = K
JD flih) M

SID(., JD(U, YD(U. L= 1, ii

SET i =0

CONTINUE '

SYES

PUNCH i

IMU JD(U, YD(IJ, L=1,i

Figure 89. Subroutine OUTP Fl~ow Diagram ! ,
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SL~nROUTINF OIITP(1,J,!'TJJ9Y9LP)
DIMFMSTON Yt1,J)9YD(5),fl(5)#JD(5)

M0 100 Kelol?
n0 100 MwlJJ
!F(Y(KMl)oEQ.0.) GOTO .100
I1*1= 1+1
Vo(l I )Y(K9M)

lF(TKI.LT.') GOTO 100
WRITE(LP950) I tOIL) ,JD(L) ,Yn(L) ,LoltI II

100 rONTTItJV
IFUI!.orCJ.) RFTIURN
WRITE(LP,50) (ID(L) ,JD(L) gYnIL) ,Lsi.I II
RETIRIN
F 'q D

Figure 90. Subroutine OUTP Program Listing A
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SUBROUTINE TDINVR(IjOL.IflS0LPNR.NC.A*9'RAKWADETI
DIMENSION A(1).WAMl
!RwNR

IDSOLwl
KKn2

10 IF(NR1 61.61.11
11 IF(IR-#4RA)12912,61
12 IC*IARS(NC)

IF(IC-IR) 13914914
13 ICUIR
14 IRMPw1

.JBMP*MRA
K8MPWJ3MP+IRMP
r4Es-I R#JBMP
NETuIC*JBMP
lFfNC) 15.61.16

15 %iDIVBJRMP.1
I RIC. R- IC
GO TO 17

16 MDIVwl
17 MAD aMflIV

?4SERw1
KSFPwIR
?4Z al
DFTw1.0

A18 PIVuO.O

19 IF(I-KSER) 20920923
20 IF( A8S(AfI))-PIV)22922*21
21 PIy. ABS(A(I))

2? IuI+IpMP
GO TO~ 19

21 IF(PIV) 24962924
24 IF(NC) 76075925
25 IwIp-f(IP-1)/JBMP)*JRMp

J=MSER-f(MSER-1)/J8KP)*JnMP
JJumSER/KBMP41
IluwJJ4( IP-MSER)
KWA(JJiuII
GO TO 27

26 lIwP
JwMSER

27 irhIP-MSER) 61.31.28
78 IF(J-NET) 79,79930
29 PSTOwA(I)

A( I )A(J)
A(JpaPSTO
IwI+JRI4P

GO TO 28
30 DFT=-DFT
31 PSTOwA(MSER)

Figure 91. Subroutine TDINVR Program Listing
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KKU2j
GOTOIS4933loKK

33 6010O35
34 I0S0Lu2
35 MI0610/PSTO

34 tPI~aNITI 37,37939
S7 AItj*AChIoPST0

39 IFINZ.KSEft) 40,40.46
40 !P4M4Z-MSER) 41044041
41 RUMAD

PSTOnAIMZI
!P(PSTO) 142944,142

142 Al MZ1aO0
42 IrtiJ'ET) 43943944
43 AI3)ftAfI)JA(J)*PST0

60 TO42
44 MADOMAD1814P;

NZONZ~I5mp

4% KKs2
60TOM931491 .KK

149 NDIV.MDIV4.K8MP

49 NZ.RNMSrR*IMP

Go LuL-I!)J8M)*JMP+

M1 ADel~JM
6i 0 TO 60J2J-

SIMRNC) 50949990 T ~
60 TI61 ISOLu3-M

SO .4zItwJR-)/JR~p*R~+ GO TO 58

99 t 6I 4595454 61 DESO.O3

ISOL02
Ln(KtVA(JRI)1)*AMP+IR 63 JSOLu2

98 WlIJ-K) 619609S9 1 OSOL .2

99 PSTOOAILI 65 RETUR~N

A~ij)PSTO

Figure 91. Subroutine TDT.NVR Program Listing (concluded)
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SECTION V

ADAP 3 !PERK) - NONSTATIONARY WEAPON
PERFORMANCE PROGRAM

Program ADAP 3 implements the analysis developed in Section VIII of
Volume I. It is essentially a time varying linear system simulation program.
It develops perturbation trajectories for the mean and covariance of system
state. in addition, it computes CEP performance measure, equivalent
weights of the quadratic cost, and optimal control weighting matrix and the
variance contribution matrix.

In this section input/output information is given first; then the main
program and its subroutines are described.

ADAP 3 INPUT/OUTPUT

INPUT DESCRIPTION

input for ADAP 3 is in the form of cards and data stored in a permanent
disc file.

Card Data Input

The first group of cards to be read is cards 1-4 which providebasic
program data. Their formats are shown in Table XXV.

The next cards in the data deck are the nonzero elements of the matrices
Xra HB, Hr* and2r. These data cards are read by the matrix input sub-
routines IN5U7. The subroutine INPT and the associated data card format is
described in "Input ADAP 2 (DISCOP)."

for Then the input cards for the vectors rfr. and ýr are read. The format

for the first card of a vector input is shown in Table XXVI.

The input card for the scalars 6 tr and 6tr 2 corresponding to the release-
time error follows the last card of vector inputs. The format for this card
is shown in Table XXVII.

The next two cards are for the state derivative components of the bombat impact point. The format for these is shown in Table XXVIII.

The I ast portion of the input data deck is for the matrices Xf and 0, if
IRUN L

i'igure 92 illustrates the sequence ii. the input card deck.
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Table XXV. Format for ADAP 3 Data Input Cards 1-4

Card/Format Column Quantity Description

1/(313) 1-3 N Number of integration steps/ second

4-6 NX Number of state variables
S709 NW Number of disturbances

2/(2E15. 8) 1-15 TR Release time

16-30 TF Impact time of weapon

31(2012) 1-2 ISUFI

13-4 ISUF2

5-6 ISUF3

17-8 ISUF4

19-10 ISUF5

11-12 ISUF6

13-14 ISUF7

15-16 ISUF8

S1 17-18 ISUF9

19-20 ISUF10

21-22 ISUF11

23-24 ISUF12

325-26 ISUF13

27-28 ISUF14
29-30 ISUF15

31-32 ISUF16

33-34 ISUF17

35-36 ISUF18

3 '7-38 ISUFI9

39-40 ISUF20

4/(12) 1-2 IRUN IRUN = 0 Integrate to obtain Xf and 0

IRUN • 0 Read inXf and 0

117



Table XXVI. Format for First Card of a Vector Input EFormat (5E12. 5)3

Column Quantity Description

1-12 V(1) Value of the first component of a vector

13-24 V(2) Value of the second component of a vector

25-36 V(3) Value of the third CoL~ponent of a vector

37-48 V(4) Value of the fourth component of a vector

49-60 V(5) Value of the fifth component of a vector

Table XXVII. Format for Release-Time Error Input Card [Format (2E12. 5)]

Column Quantity Description

1-12 DELTRS Mean value of the release-time error

13-24 DELTRS Mean square value of the release-time error

Table XXVIII. Format for Bomb Component Input Cards [Format (2E11. 4)]

Column Quantity ition

1-11 FTF(1) •eitf)

12-22 FTF(2) e(tf)

23-33 FTF(3) (tf

34-44 FTF(4) 6 (tf)

45-55 FTF(5) •1 (tf)

Column Quantity Description
1-11 FTF(6) ;V (tf)

12-22 FTF(7) Ye(tf)

23-33 FTF(8) * (tf)

34-44 FTF(9) " (tf)

45-55 FTF(10) • (tf)
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IF PHI

II
SIG

Figu ~Re2.AA3InuCadDc
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Permanent Disc File Input

Permanent-file input occurs first in the main program, just before the
outer loop is entered, and is called for only if IRUN a 0. If it is so, the
linear data (F, G) obtained during ADAP 1 run for weapon are read in for the
first two time points after release. Data inputs for the subsequent time
points occur just before the new outer-loop computations begin.

OUTPUT DESCRIPTION

The n•utput from ADAP 3 is in print and punched-card form.

The input parameters, NX, NW, N, TR, TF and input matrix Xr are
printed after card inputs.

The Womputed quantities, Xf, 0, E, V, XI, Xv, CEPH, CEPV, .' QV'
CEPHC CEPV are all printed ouf at the nomindq impact time tf.

The punched-card output occurs at the end of an ADAP 3 run. If IRUN=O,
the Xf, 0 and QH matrices are punched. If IRUN # 0 only the QH matrix is
punched.

ADAP 3 PROGRAM DESCRIPTION

ADAP 3 MAIN PROGRAM

The ADAP 3 main program accepts the release covariance of a weapon
and propagates it to the impact. Its functional flow diagram is shown in
Figure 93. At the start, initial parameters are read and printed out. Then
all matrix locations are cleared and the necessary input data for the bomb
release covariance computation are input. The release covariance of air-
craft Xr is printed out, and the rows and columns of two states corresponding
to roll (p,o) are deleted, since the weapon itself does not have roll data and
corresponding differential equations. Then the initial mean state and
covariance of the bomb are calculated. If IRUN = 0, the covariance differen-
tial equation with zero initial condition is integrated to obtain the forced
covariance matrix X,. At the same time the fundamental matrix (transition
matrix) of the weapon is computed. This is used to propagate the homoge-

*! neous covariance matrix to impact. Both matrices, Xf and 0, are printed
out at the impact point. Also, the total covariance is computed and printed
out,
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READ KNJ MN, T&I. N
RIF, IRUK~ ISUF IRUN. 0 READ X1 AND ~ 000

PRINT NX. IN, K, TR,. T 200, 100, ]01, 102, 103, 104,
S105, 205, 202, 201

PINTEiTE MATRINCES
5.6,7,3005 EQUATION TO OBTAIN xf AND |

ZERO ALL ARRAYS• TRANSITION MATRIX f TOOTINDT

READ INXr, •Hr5000

fr ,Itr, •l(t).i

SJ PRINT MATRICESiiI ~Xf AND
L3001L 3002

PRINT X 460, 461L 462
REDUCE Xr

117 x 17 TO 15 x 15 BY COMPUTE
DELETING p ANDe X(Tf) AND PRINTlSTATES .

402,403,404,405, 3061. 3062, 3063
607, 508 COMPUTE AND PRINT VARIANCE

CONTRIBUTION MATRIX F., AND
COMPUTE INITIAL NORMALIZED VARIANCEMEAN STATE AND CONTRIBUTION MATRIX V
OMBA CONRIBTIO MARIND NCOVARIANCE OFBOMB

715, 716, 717, 718,
1. 719, 723, 724, 725,

(8) 726

[H, Xv, CEPH., CEPv

COMPUTE AND PRINT

QHW QV AND APPROX-
IMATE CEPH, ce'PV

( N ANXf ANDT

YES

EXPND ,, ROM15 x 15 TO
' ~17 x 17 AND PUNCH QH

Figure 93. ADAP 3 (PERK) Functional Diagram
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RRIR'I
i IREAD $ 0 then the program reads Xf and 0 which are punched on

cards from the previous ADAP 3 run, in this case integration is not needed.
prom the nominal impact covariance several auxiliary data are derived.
First the variance contribution and the normalized variance contribution
matrices are computed and printed out. Then the horizontal and vertical
impact covariance matrices and corresponding CEPs are calculated and
printed out. Next the optimal control weighting matrices and approximate
CEP calculations are made. Near the end, the IRUN switch is tested. If
IRUN - 0, Xf and 0 are punched. If not only the weighting matrix QH is
punched on cards after it is expanded to the full matrix corresponding to the
aircraft data (rows and columns corresponding to p, 0 are provided).

The program has two basic loops, the integration loop and the data up-
date loop. Data update time ATu is 1 second. Integration step size At is
0. 01 second. Data outputting interval ATo is 0. 1 second. The time-varying
coefficient matrices for integration are obtained by a linear interpolation
between data points and are assumed to be constant during the integration
interval.

Figure 94 illustrates data updating, integration and outputting processes
for arbitrary step sizes.

DATA

FK•

NWI NN"1 NW
tf

KK-1 2 K K+2 KB1G KB1G1

Figure 94. ADAP 3 Data Update, Integration and
Outputting
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I. ..

The detailed flow chart for ADAP 3 is shown in Figure 95 and the pro-
gram listing in Figure 96. Symbols are listed in Table XXIX. ADAP 3
subroutines are listed and described briefly in Table XXX. The auxiliary
subroutines INPT, MP and OUTP are similar to those of ADAP 2 described
in Section IV.

ADAP 3 SUBROUTINES

Subroutine SHUF

Subroutine SHUF generates the shuffled linear data for the weapon. Its
program listing is given in Figure 97 and its symbols are listed in
Table XXXI.

Subroutine INTEG

Subroutine INTEG integrates X and ; equations for one integration step
using Adams open quadrature formula given in Section MI of Volume I. Its
flow chart is shown in Figure 98 and its program listing in Figure 99.
Symbols are listed in Table XXXII.

Subroutine DIFF

Subroutine DIFF renerates the forward difference of linear ,ta corres-
ponding to 1-second intervals. It also generates the current vaX.- of data at
each integration step. Its flow chart is shown in Figure 100 and its program
listing in Figure 101. Symbols are listed in Table XXXII.

Subroutine CEPC

Subroutine CEPC generates the CEP performance measure (circular
error probable). It implements the analysis given in Section VIII of
Volume I. Its flow diagram is shown in Figure 102 and its prcgram listing
in Figure 103. Symbols are listed in Table XXXIV.
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GTD ~READ XR, HS, HRý

SET PI -vI

PI2PE -/2 READ 40
REWIND ITAPE XASR I

LW - 9 XASR I

IR- 5

R EAD 1401"ý
DELTR, DELTRS

NUMBER OF STATES NX NUMBER OF

INTERATIN ST9 NREAD FTF

RELEASE TIME TR, ISYMMETRIZE 4130
j~p~r T1 TF XR AND

13001, 3002
ELIMINATE 11 AND 12
COLUMNS AND ROWS
IN XR MATRIX

COMPUTE 402
SXRP - HBKtXBAR + (SFRYDELTR)] +(HR)0(IR)

403

ZEflO ALL MATRICES 3060, 5, 6, 7, 3005 WRITE INITIAL MEAN STATE OF BOMB SXRP

G3K 1, O3, TW XRD *(HB)EO(R) + (SFRXSFR)'(DELTRS)) 1

W-1 SYMMETRIC MATRIX

0 - HRXS IGR)

COMPUTE 428, 429
SYMMETRIC MATRIX

XRP- XRP +(DXHF'

WRITE41
INITIAL COVER lANCE OF BOMB XRtP

Figure 95. ADAP 3 Main Program Flow Diagram

224



TSIFRU RN--YES C DO 200 KK1, KBIG1

OUTER LOOP
READ X Xf.1 PHI

READ X3K -FK, PH ST3KU- 0

SETHTIM 0.5 DETD10NN1N

Figur 95. DAP 3MainProgrm Flo Diagam ( Oniud
TEST KK -1 Y2I

GOTO 500225



D tWRITE 300,301
XSUBF MATRIXTIME lS~PHI (TTR) MATRIX

TEST IF KK K KBIG .

COMPUTECOMPUTE D - (Pdl)XRP)

XX - TF - TR - F KBIG

TEST FXX-Z YES 461,462
COMPUTE SYMMETRIC MATRIX
XR - XR + (DXPHI)'

OELTH - 1 W,,,S IX-T)IXCT) MATRIX-X

(TEST IF KK - COMPUTE ROW VECTORS 3061

e2 E ;l42 j1 •k)XRP)kJ
- Le 7" r :tjXC,2k)I R P)kJ I

1AGE 6 EU'I ; AJX07kXXR P)ki••

FK -FK1. G3K- bZ

RED P ICOMPUTE ROW SUM 3062
FK2, G3K1 S I- E81)

C ,I , ifI2000

E CONTI

F *

FigPure 95. ADAP 3 Main Programo Flow Diagram (continued)
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SET 715716 CONTINUE 17221
Hs- l,HR- I

COMPUTE I -1,NX CC
HB(1,2) - H 8(1,2) - PTFU, FTF(2HR(I,1) - HRCI,1) - FTF(I)FTF(1)

ITE CEP HOR9IZON4TAL 2030)

[COMPUTE, 17181
D =OiB)X j(eR) COMPUTE 72

D - (HRXXR)

COMPUTE,4
SIGR - (XHB)' COMPUTE '124

SIGR - X)HRf 1)

WRITE XSUBH WIG MATRDC- SIRSIG(1) - !SIGR(1,1)

5961=) - 43TOCr M

5162 - 'IS§GRC7,7)

SIG3 r§I-R-CTWTEST IF SIGR(2,2) < SIGR(7.7) E

'TES7T ISG RC11 IR(7,7) CS

QHV - IF/

22O 1O7QHV- w 72



K I J

WNRITE 1727- WRITE 472
XSUBV WIG MATRIX SIGR J WEIGHTING MATRIX QH

CALL CEPC WRITE
WEIGHTING MATRIX QV

WRITE201CPI H/
CEP VERTICAL - CEP(2)CEPV H

I I CE PV= IJV7

SET
QHO(I) - QXH
QHO(7)= Q-YH WRITE
QVO(2) QHV QH(1,1), QH(7,7), QV(2,2), QV(7,7)
QVO(7) -QYI4wQ4 

14-
SWRITE 4 -

COMPUTE 728 JSUBH, JSUBV
D0- (HB)'(QHOXHB) WSIGR,. (HR)'(QVOXH'R, W . , C

i • ~APPROXIMATE CEHJ

APPROXIMATE CEPV
COMPUTEIJH tr XRXD)jJV , It O(RXSI:GR) EiIFRUj YES

COMPUTE 17301
QH n (PHI)'(DXPHI) PUNCH XF, PHIQV ,- (PHI)'(SIGRXPHI) F

CPII)'SIGXPII ~CONTINUE 3090

5070, 5073
ENLARGE QH
FROM 5x15xTO17x17

FPUNCH OH

<STO07P

Figure 95. ADAP 3 Main Program Fiow Diagram (concluded)
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7A 
A7ý -

PROGRAM ADAP3 IINPUTOUTPUTF'UNCH.TAPESuINPUTTAPF.9UOUTPUT ,TAPE3uPU
INCH*TAPE2)
DIMENSION E(39I5)*VI39l5h.S(31
DIMENSION DI 20.203 .ISUF(201
DIMENSION PTF(10)
COMM4ON FK(20920),FKI(20.20),FT(15,15),DFI15,15).X(15,15),XR(17,17)
COMMON XDNI15,19),XDNM1I15,15).PHI(15,15),P1410Nt15,15)
COMM4ON PHI0NM1(15.153,GgKI20.'.hG3K1(20,4),G3T(20,4hODGS(2O,4)
COMMON C120.4).WI4,4).XBARI15)oYWB(12),SIG(3),CEP(2)
COMMON NX.NWgNT~gTR.KBIG.DELTst)ELTHLW.LR.ITAPE
COMMON XRP(20.20),SXRPI2O),SFRC2O).H8115,15l,14R115,15) ,SIGR(15,15)
COMMON X1R1203,QHOI20oGV01203,Q14120,20),QV(20,20)
REAL JN.JV
PIT 3.14159265
PI2wPI/2*
ITAPEw2
REWIND ITAPE
LWw94
LPw3

READILRo1I NNX9NW
I FORMAT4S31)

2 OM~l1?XIHNME OF STATES*12/7X9241I NUNRER OF DISTURBANCE

1Su12/7X*34H NUMBER OF INTEGRATION STEPS/SECe&13/)
READILR#3)TR#TF

9 PORMAT(2f15.8It3
WRITE(LW*4)TR*TF

4 FORMATf/?X#14H RELEASE TIMEnE1S.8/7X,13H IMPACT TIMEsEI5*8/)

READ4.2O1S3 ISUF

2O.*3 FORMAT120121
3003 70P4AT(121

KSI. TF.TR
KBlu vKSIG41

C ZERO ALL ARRAYS

00 3060 1*1,3

DO SOSOl jfl915
El I J).00

3060 CCNTINUE
DO 6 Is1.NX
0140111c06

SXR01 I3*0.
SPRI! .0.
DO 5 Jw1*Nx

XRPtIIj)'00

SIGR(II.j.0* Figure 96. ADAP 3 Main Program Input/Output
Listing

A,
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FK1 (K J)u0.
DP I qJ) no*
X( I .J).0

XDNMV10 II JUO
FT( IsJ)nO.
PHI (I9J)wo.

SPH1DNM1(IqJ)U0,
DO 6 Jw104W

C.3K11 IJ)noe
DGSK(I J)uO.
D6 3(I .J1600[I DO 7 f*l.NW
DO 7 Jn1.NW

7 W1I.j)WOO
DO 480 IulNW

DO 3005 1*1,1'II DO 1005 Jul.17
"C305 XR(IJ)u00
C READ IN X 9H *H ,X *F XI 9SIG oDELT
C RB8R RR R R R

CALL INPT(XR,1917V)
CALL INPT(MR*15915;
CALL INPTlHR,15,lS)
CALL IMPTISIGR,15*1Sp
READ(LR9400) (X8AR(Il9I31.NX)
READ(LR9400) (SFRf )9InlvNX)
READ(LRv400) (XIRC 1 .Iu1,NX)

400 FORMAT(SE12.5)
REAM(RAol )DELTRoDELTRS

401 FORMAT 2E1295)
READlLk9713) (FTP(IlvI=: AO0)

713 FORMAYISEI1.41
DO 411 JIstlY
DO 411 Jvtl17

411 XR(JIluXRfI#J)
WRITEILW*3004)

3004 FORMAT(1H1/?Xt1OH XR MATRIX/)
CALL MP(17,17,NXNXXR)

C REDUCF XR FROM 17BY17 TO 15fAY15

DO 3001 Julglol
JJUJ.2
XR( IJJ)nXfl(t* J)A
XRlJJ9I)0XR( I oj

3001 CONTINUE
DO 3002 1*13#17

DO 3002 J*13,917

Figure 96. ADA? 3 Main Program Input/ Output Listing
(continued)
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JJ. J-2
3002 XR(I!,JJ)wXlIJ)

C COMPUTE INITIAL STATE MEAN AND COVARIANCc OF flOMr

DO 402 JIsNX

DO 02 81NX
402 SXRP(!)u$XRP(J),HbIIJ)*(XAAR(J)+SFRt.J)*DELTR)+HR%1X,J)*XIR(J)

WRITElLW,403) (SXRP(I)9IslNX)
43FOIRMAT(IN41/7X#27H INITIAL MFAN STATE OF ROM'R/(E25.8))I DO 404 1s1.NX

DO 404 Jw1*NX
DfI* J)v09I DO 404 Kw1,NX

44D(I i,)mO(XJ),HB(I.K)*(XR(KiJ)+SFRIK)*SFR(J?*DELTRS)
D0 405 Ital*NX
DO 405 Jw99NX

45XRP( I ,JD=0.

DO 409 Kw1.NX
4n9 XRP(XJ).XRP(IJ)4!flIK%)*HRIJK)

406XRI*J,)*XP(o
DOR&J7 KlW,41

4107 DFORNAT (IH1/7X,27H IN!TIGt CVRIACKOFBOP
DOALL MI20,20NX,!XXP

C409A XIRP(9),F4R41.G(TR)+)19)*G3(JTR

C

TP(IRUN*EQO.) GOTO 3050
CALL INPTM215#15)
CALL INPTIPMIfl~i,13)

GOTO 5000
3050 CONTINUE

READ( ITAPEIPK
REAPM ?AAFIG3K
READI ITAPE)FKI1
ftEA00T~APE)G3K1
CALL SWF(FK*2(C209J.-ISUF920#20sD)
CALL SeHUpF~rK120.20,iISL'r,2o,2o*D),
CALL SHUFIG!K920*4*291SUP,420s4*0)

2 ~CALL SH4UP(G3Klv2094*ZeISUFv2O94vD)
FLNwN

DELTao1/rLN

1idgure 96. ADAP 3 Main Programi Input! Output Listing
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DEL THu. 5*DEL T
1)0 8 lulNX

"!'0 200 ~Km1,KRIG1
NNOIiT2 101
DO 100 NN¶'1,N
IFIKK(-11 103, 101,103

II101 IF(NN-1)103,1029101
102 DO 104 I101NX

DO 105 JIN

D0 104 J1.*NW
104 G3T(I*J~meS3K(ItJ)
103 CONTINUE

CALL INTEG(KKNN)
CALL DfFF(KK9NN)
TIFNNeLTeNNOUTI GOTO 4000

4000 CONTINUE
XYZuKK-1
XYWwPNN
T IME'.XYZ+XYW*DELT
NNOUTONNOUT.50

100 CON4TINUE

05IFfKKeNE.KBIG) GOTO 20

DET=XX /FLN
DEL THwvS*DEL T

C AGE DATA POINTAND READ IN NEXT DATA
C

21FK(TvJWUK!(IJ)
DO0 202 Jw1,NW

22G3K(IqJlwG3KIl(I9J)
READI ITAPE)FKI
READI TTAPEIG3K1
CALL SHUFII:K1920920919!SUF,20,209D)
CALL SHUF(G3K1,209492v1SUF9?0%49D)

200 CONTINUE
5000 CONTINUE

WR!TE(LW*300 )TIME
300 FORMAT(1H1I7X#16H XSUBF MATRIX TNFS*2/)

CALL MP(15915*NXoNX*X)
WRITEILW*S01)

301 FORMAT(1!1/7X18H PHI(T PTR) MATRIX/)
CALL MP(159l5*NX*NX*PHI)

C
C COMPUTE X(T) TOTAL
C

00 460 Iw1,NX

Figure 96. ADAP 3 Main Program Input/Output Listing
(continued)
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nlo 460 Jw1,NX

DO 460 K=I*NX
460 t'(I9J)wDlIIJl+PHIlTK)*XRP(K9J)

DO 461 Iu1.NX
DO 461 Jw!.NX
XR!Iq.JlwXfI IJl
D0 462 Ksl9NX

462 XR(IJ)0XRfIIJ)+DfI94)aPHII.IK)
461 XR(JoIlnXRqIJ1it' WRI TEiLW9463)
463 FORMAT(1HI/7X,1214 XfTl MATRIX/)

CALL MPI17*17vNXNX9XR)
DO 3061 Jul.915
D0 3061 LLs1.15
E(11J)aE(1,J).PHI(1,J)*PHI(ILL)*XRP(LLJI
E12,J)sE(2,J)4Ph: I2,J)*PHI (2,LLI*XRP(LLJI
E13#JpmtE(3,J).PHII79J)*PHr(r LL)*XRP(LLoJ)

3061 CONTINUE
DO 3062 1=19S

00 3062 Jul.15
3062 5fI)wSII),E(IIJ

DO 3063 1*1.3
DO 3063 Ju1.15
VII .J)u0.

3063 V1IJ)*E(I*Jle100*/Si!)
WRITEILW93064)

3064 FORMATI1H1/7X*29H VARIANCE CONTRIBUTION MATRIX/)
CALL MP(3#15*391S*E%
WRITE gLW*3065)

3065 FORMAT(///7XAOH IbORMALIZEAn VARIANCE CONTRIrIUTION MATRIX/)
CALL MP(3*15*39159V)

* DO 715 Ie1.NX
00 716 Jul*Nx

716 HR(I#J)*0.

715 HR(IIls1.
DO 717 Iw1.NX
H9( I,2l8H8(I .z)mFTlI I)/FTFI2)

717 HRfII1)wHRfII.)-PTPIII/FTF(1)
D0 718 Iwl9NX
00 718 Jw1.Nx

718 DII.jluDfIIJ),HB(I*K)*XRfK9Jl

DO 719 Jal*NX

00 719 Ku1,NX
719 SIGR(I.J~m5IGR(IJ)*0IIK)OHB(JKIj

WRITE ILW9720)
720 FORMATI1M1/7X*1711 XSkl8H WIG MATRIX/)

Figare 96. ADA? 3 Main Program Input/Output Listing
(continued)
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CALL MP(I5oI~o5q15.1SIGR)
SI6(IwS0RT(SVGR(1d))
SIG(2)wSORTfSif~t(?q7!J
SIG(3)SORTIS!6R(292))
IF(SIGRllvlleL-leSIGRf7971) GOTO 721

GXPOPI?
GOTO 722

721 QflHwPI
QyHaP1 2

722 CONTINUE
CALL CFPCfSIG*CEPl
WRITE ILW*2030 )CEP( 1)

2030 FORMAT(////7XP16H CEP HORIZONTALuEl5.8/)
DO 723 1u1.NX
DO 723 Ju~oNX-

DO 723 Kw1.NX
723 DfI9J)*D(IvJ)+HR(I9K)*XR(K*J)

DO 724 Iul.NX
DO 724 Ja1.NX

DO 724 KelNX
724 SIGRIIJ2USJGRiIJ)tD(KK)*HR(JKI

Ii S!G(21=SORT(SIGR(7971)
SIGf3)wSQRT(SIGR(2#2))
IF(SIGR(2*2)*LTvSIGRl7*7)) GOTO 725

GHVwP12

* I GOTO 726
725 OHVwPI

OYVwPI2
726 CONTINUE

WRITE(LW#7271
727 FORMAT(1I/7X17H XSUev WIG MATRIX/)

CALL MP(1515919159159SIGR)
CALL CEPCISIG*CEP)
WRITE(LW,2031 )CEP(2)

2031 PORMATI///U7X.14H CEP VERTICALuE1S*8/2

OVO (2lSOHV
OVO (7) OYV
DO 728 lw1.NX
0O 728 .J019NX

SIGR(I*.4230
DO 728 KU1,NX

726 SIGRIIJ)USIGR(1,J),HR(KI)*HRI',J)*QVO(K)

JVS0 0

I DO 729 wImNX

Figure 96. ADAP 3 Main Program Input/Output Listing
(continued) 
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00 729 Jl.*NX
JHsJH+XR(IJ)eODJ*I)

729 JVwJV+XR(1,J)*5IGR1J9I 3
DO 730 I1,NX
DO 730 JwIvNX

DO 730 M*1,NX

WRITEILW1,4721
47 ORMATI1H1/7X,20H WEIGHTING MATRIX OH/)

k CALL MP(20920*NX#NX9QH)

WRITEfLW,473)JV
466 FORM'ATCII//7X*20H JWBHEIGHY.8.MTRI JSUV/ES.

WRITEILW9467 )CEH*CEV

467 FORMAT(M/X918H APPROXIMATE CEPH-E15*8,le34 APPROXIMATE CEPV=F15*e/

CIFIIRUN@NE*0) GOTO 3090
CPUNCH XF

CALL OUTPfIS*1§*NXNX9XLP)
C PUNCH PHI

CALL OUTPU1S*15,NX9NXPH:,LP)
3090 CONTINUE

C
C ENLARGE OH FROM 15X13 TO 17X17 BEFORE PUNCHING
C

DO 5070 1=1915
DO 5070 Jul.15

5070 D(Iqj~wQH(I.J)
00 5071 1*1920
DO 5071 Jul.20

5071 OH(I*JI'0.
DO 5061 S1910
D0 5081 JW1910

5081 OH(I.J)NDI1,J)
DO 5072 1.13.17
11.3-2
DO 5072 J=13917
JJ=J-2

5072 OHI?#J)80111*JJ)
DO 5073 1*1910
D0 5071 Jul3917
JJuJ-2
QH(IJ)00(1#JJI

507' OH(J*I1=D(I.JJ)
CALL OUTP(20920917*1790HoLP)
STOP 77
END

Figure 96. ADAP 3 Main Program Input/Output Listing
(concluded'
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Table XXIX. List of Symbols for ADAP 3 (PERK)

Quantity Mnemonic Initial IValue Input Description

C(I, J) Working matrix

CEP(I) Vector containing horizontal
and vertical CEP

D(I, J) Working matrix

At DELT Integration step size:
t = 1./FLN

2 DELTH 1/2 integration step size

(F(tK+l) - F(tK))At DF(I, J) Forward difference of
matrix F

(GP(tK+1) - G3 (tK))•. .,u3(I, J) Forward difference of
matrix G,

F(tK) FK(I, J) X Matrix F at tK

F(tK+1) FK1(I, j) X Matrix F at tK+1

FKBIL KBIG floated

FLIN N floated

F(t) FT(I, J) Matrix F at each integration
step

G3 (tK) G3K(I, J) X Matrix G3 at tK

G3 (tK+l) G3K1(I, J) X Matrix G3 at tK+1

G3 (t) G3T(I, J) Matrix G3 at each integration
step

ICEP X Switch: 0 = compute weight
# 0 = compute CEP

ISIJF(I) X Integer vector used to shuffle
matrices
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Table XXIX. List of Symbols for ADAP 3 (PERK) (continued)

Quantity Mnemonic Initial Input Description
MnmoIc Value Jý

ITAPE 2 Logical number of data tape

KBIG KB1G integer [tf - tIR

KBIG1 KBIG1 = KBIG + I

LR 5 Logical number input tape: Set

LW 9 X Logical number output tape: Set

N Number of times through inner
integration loop

NNOUT 10 Counter for output in inner integra-
tion loop: Set

NW X Number of disturbances

NX X Order covariance equation

S¢ PHW(I, J) X State transition matrix

"PHIDN(I, J) Current derivative of state transition
matrix

in- 1 PHIDNM1 Past derivative of state transition
n (I, J) matrix

a SIG(I) Vector containing the square root
of the variances of x, y, and z at

' impact

t TF X Impact time

t TIME Running time

t TR X Release time

W(I, J)

X X(UI J) State covariance
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Table XXIX. List of Symbols for ADAP 3 (PERK) (concluded)

"1 Initial
Quanity Mnemonic Value Input Description

_ __ _I_ _ _ _ _ _ _I I

x XBARII) Mean output

nXDN(I0 J) Current derivative of state covariance

Xn-l XDNM1AI, J) Past derivative of state covariance

X XR(I, J) X Covariance at releaser

YWB(I) X Mean input

NN Integer index NN = 1, 2,..., N inner

loop

KK Integer index KK = 1, 2,..., KBIG1
outer loop

I
I
I
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SUBROUTINE SHUF(A*NR*NC*IRCISUFNX~t4Y*D)

DIMENSION A(NR#NC)tD(20v20)tlSUF(20)
G0TO(1.1O.2O) .IRC

1 CONTINUE
00 2 Iul.NXI ~I tatSUP II)
DO 2 J.1.t4Y

2 DII#J~uA(TIIJlDO 9 IwI9NX
D0 3 Jas#NY

3 AlIJ)aD(I*JJI

10 CONTINUE
DO 40 Iw1.NX

DO g5 ~Iwa1.
CONINUEf

DO 0N 01#

Fiur D(97.Surotie HF rora*Lstn

DO 55 1=240



Table XXXI. List of Symbols for Subroutine SHUF

Mnemonic Input Description

A(I, J) Matrix to be shuffled

D(I, J) Working matrix

ISUF Vector containing indices in the desired order

NC Number of columns in A

NR Number of rows in A

NX Number of rows to be shuffled

NY Number of columns" to be shuffled

Table XXXII. List of Symbols for Subroutine INTEG

Mnemonic Input Description

Cl Constant used in integration formula when:
KK =NN a 1C1 =2
Otherwise C1 = 3

KK Integer index KK = 1, 2, .... KBIG1

NN Integer index NN = 1, 2,..., N; all other symbols
common with main program PERK

Table XXXIII. Li,,.t of Symbols for Subroutine DIFF

Mnemonic Input Description

NN Integer index, i.e.. NN= 1, 2, ... , NwhenNNa1
= compute new DF and DG3 matrices and then updateF and G 3:

NN #1 o update F and G3

All other symbols common with m2 in progr am PERK
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TEST IFKK --1 AGE DEVIATES
IXDNM1 -XDN

TEST IF =NN -1 I MD

COMPUTE 6

CI2 9XDN - (XDN) +OWN

CHDN- CG3T)PHI)

COMPUTE 7

CON-X C(G3TX )'

COM MPTE TE

x 1~)O(C1ON - 'CONM1)J

EPwi - rwý(Hý) +[()Cc)P14IDN - PIIIDNMI3

Figure 98. Subroutine INTEG Flow Diagram
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SUBROUTINE INTEGIKK*MN)
COMMON FK(2O.2O)g7K1(20,2O),FT415,15),DF(15,15),X(.5.15),*XR(17,17,
COMMON XDNI15,1S).XDNM1(15,15),PHIg1!5,15).PHlIN(15,15)
COMMON PHIDNM1(15.15),G3K(20,J.),G3K1(20.4)o,r3T(20,4),DG3(2c*,'4)
COMMON C(20,4)eWE4.4),XsAR(15jYWB(12),SIG(3),CEP(2)
COMMON NXNWNTFTRgKBIGDELTDELTH.LWLR.ITAPE
COMMON XRP(2O.20),SXRP(2O),SFR(2O),HBt15.15),HR(15,15) gSIGiRh.S,1')

CO1O : 6 ,0H(21OV12)Q~tPO,20) .OVI 2020)

PIDNIKK J)3UPHINIJeTI.)PIKJ

C

C AGEEGRIATIVE
C

DO 10 Iw1.NX
DO 10 Jw1.NX

10 PHIDI,.flaJ)PHI(3J4.EYH(l*HDNI4).NIN1(,

REUR
CEOPTEDRDAIE

I.

Fiur 99 SurutnaITG rgrmLitn
DO 6 Jw243

XDN~t9J~w0

PHION(*J~s1



II

SUBROUTNE DCOMPUTN E
COMMON~~~~~~F FK2O20,K1I -,20),T1.5DF51 (AV,13,Xd7,
COMMON~~~~~DG XD(1,1),DN1I -G5).PI15W)PHD(1,

IF(NN.GT1) GOTO

Figur 100 SurotnelNFowDaga

1CMO OG3(I,~S(G3K(I#J1GKSIJ))LDELTHLLRIAC

DO I IxleNX
DO 2 JeI9NX

2 0FTfI*JIuFT(IfJ)-FK(19J) *DL

I OGIT(IJ)U(G3IT( 1J),DG3Ki.J))DL
5 CONTIUE

FiOr 401 Sur1*ie IF rgrmLitn

00 S JW244

S4TIJwTIj+rij



ENTER

r- 00 10 J -1,A, 2 SURROU)INE CEPC(SIGeCFP)*

ETA- SIG(2) E~SG2

GOTO 2?

jj. jj-2 2CONTINUE
REUR
ENDASI(J

IF(igure1 &03. Suboutin 5E

TEST IF SIGM -~ 0.2E~nIG

Figur 102 Surot/ine CEPC Flow*(1+RO)
Da ramGTO1

-*YS EPJI*64*(*24*H**IM



Table XXXIV. List of Symbols for Subroutine CEPC

Mnemonic Value Units Input I Output Description

CEP(J) X Vector containing horizorntalFand vertical CEP

ETA Used in conmputing p

RHO CEP is a function of p

SIG(I) Vector containing the square
root of the variances of x, y,
and z at impact

SIGMA Used in computing p
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

The overall objectives of this study were threefold: (1) development of
theoretical analyses and mathematical models for precision weapon delivery,
(2) development and documentation of computer analysis programs, and (3)
demonstration of their use. The major emphasis has been on software de-
velopment.

Ft

These objectives were primarily met. The analyses and model develop-
ments are reported in a separate document, Volume I. The developed pro-
grams have been carefully docur.-.nted in Sections I through Section V.

Testing and demonstration of the use of the programs are reported in
Volume III. Although an exhaustive parametric study could not be carried out
due to lack of time, one example with a specified iron bomb and a repre-
sentative tactical fighter-bomber aircraft was run to show the use of the
programs.

In the following, the results and recommendations for future studies

pertaining to the work reported in this volume are presented.

SIGNIFICANT RESULTS

0 The work reported here established the total dynamic system
approach to the analysis of weapon delivery problem.

* The chief benefit of the program is to provide software for
rapid evaluation of system performance.

* Each subprogram (ADAP 1, 2 and 3) requires 32K of
memory for a 17th-order system.

RECOMMENDATIONS FOR FUTURE SOFTWARE DEVELOPMENT WORK

Some of the interesting issues which arose in the course of the software
development are listed below for future work:

0 Improve the nonstationary performance evaluation program
(ADAP 2) with respect to computing-time requirements.
The computing cost can be reduced by more elaborate

247
I



programming (matrix partitioning), by using a different
discretization technique, and by the Frobenius transfor-
mation. Exploit the special time-varying nature of data,
A (t) =f A0+Alt.

0 To extend the performance evaluation capability, add crosscovariance differential equations, as developed on page 167

of Volume I into the existing software for nonoptima'. esti-
mators.

0 Improve CEP and SEP evaluations by integrating the probability
density function of the states developed on page 133 of
Volume I.

CONCLUSIONS

A large-scale system software for the analysis and design of precision
weapon delivery systems is developed in this volume. The programs which
implement the models developed in Volume I are documented with the user
In mind.
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APPENDIY I

TABLE INPUT, LOOK-UP ," INTERPOLATION
PROCESSES IN ADAPS I

The ADAP System contains a subroutine called FLOOK that is capable of
inputting data tables of functions of one, two or three variables, as well as
performing a table look-up and linear interpolation to compute function values
from these tables [2].

The description of the subroutine FLOOK is briefly presented first in
the following. The detailed description of the input, look-up and interpolation
logics are given next. The flow charts, program listings, and symbol tables
are presented on pages 125 through 139.

USAGE OF SUBROUTINE FLOOK

The number of functions the subroutine can handle is limited only by com-
puter storage capacity. The subroutine will not extrapolate; i. e., it will not
attempt to compute a function value beyond the range of its variables. The
variables are effectiv ely limited to the maximum and minimum values given
in the data. In other words, if a function value is requested beyond the given
range of its variable, the function value computed will be the function value
at the last variable value in the given table. This constraint is shown graphi-
cally for a one-variable function in Figure I-1 with dotted lines.

T VVMIN VMAXV

Figure l-1. One-Variable Function Constraint
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If the data is not available beyond Vmax in Figure I-1, then the user can

extrapolate with a ruler as shown by the dotted line and add the extra point to
the input. Otherwise the function will remain constant after the variable V
passes the last stored value, V•,ax.

Execution time required to generate a table function is nearly independent
of the number of points stored because of the nature of the functions that are
normally being considered. These functions are continuous and normally the
change in variable values between successive table look-ups are small enough
that it doesn't bypass morethan one stored point. (If the variables change
faster than this, the functions are not being generated often enough. ) Going
on this assumption, the program saves the variable values from the last table
look-up and starts from there.

The function look-up subroutine can be instructed to compute values for
all functions at once, any cortinuous block of functions, or a single function.
It is most expedient, timewise, to make as few calls to this subroutine as
possible; in other words, compute as many functions as possible on each call.
However, it is also time-effective t, generate slow-varying functions at a
slower rate than faster-varying functions. For this purpose, it pays to organ-
ize the functions in blocks according to their rate of change with respect to
time.

To make use of this subroutine the user must:

"* Adjust dimensions in the subroutine.

"* Set up correct dimensions and calling sequence in one or
more subprograms.

"* Punch function data onto cards.

The required dimensions are denoted in subroutine FLOOK with comment
cards. This part of the subroutine is shown in Figure 1-2.

The dimensions on the arrays VST and FUN are controlled in the calling
subroutines since they appear in the call argument list. This means that the
size to which they are dimensioned in FLOOK is not important; however, they
must be dimensioned. The dimension sizes must be identical to the variable
values set in subroutine FLOOK. For example, the comment cards in Fig-
ure 1-2 say that the array IFST must be dimensioned to the value of MNFV.
Since MNFV = 150, IFST is dimensioned to 150 in the DIMENSION statement.
In each subroutine calling FLOOK, VST and FUN must be dimensioned to
MNUV and MNF, respectively, where the values for MNUV and MNF are set
in FLOOK. If more than one subroutine calls FLOOK, then each of the sub-
routines must have the common statement, COMMON VST, FUN, and each
subiroutine must dimension VST and FUN to the correct values.
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SUeBROUTINE FLOOK(VSTFUN*ISTRT*IEND)
COMM•N/ADAP/IMODEtAt1000)
EQUIVALENCE(MFN.MNF) (TABRD.A(997 )
DIMENSION IFST(lSOILSTI15O)3IFN(8OIF(2500),LID(150).V(5O0)
DIMENSION VST(20).NL(150) DLT(3 )NFID(aO tI MSI100) .KKV(3).KV43)
DIMENSION R (9)*FUN(SOI.XF(31)RALF(2O)
INTEGER BLANK tRALF

IF(MODE*EO*-I*ANDeTARRDeNE@0O9 GOTO 5510
IF(RNDM.EO*123456#1 GOTO 510

5510 RNDM123456*

C THE ARRAYS SHOULD BE DIMENSIONED AS FOLLOWS

C DIMENSION AI2003.iFST(MNFV),ILST(MNFV)3IFN(NNF)oFIMNFVL)tLZ-(.NFV3)C V(MNVVLI •VST(MNUV) •NL(MNFV) •OLT(•} •NFID(MNFI • Z•S(.KKV) •

C KKV(3) •KV(3I •R(9) •FUN(MNF) tXF(3) •RALF(20)

C WHERE
10 MKKV = 100 (Mal. No. of Variable Value Sets)

MNFV a 150 (Mmi. Total No. of Variables Specified)
"4NFwa0 (MWa. No. of Functions)
MNFVL*2500 (Max. No. of Totl Functlon Trable Values)
MNVVL-sOO (Max. No. of Total Variable Values)
MNUV ,20 (Max. No. of Distinct Variables)

Figure 1-2. Dimensioning of Subroutine FLOOK

Calling Sequence

All variables and functions are identified by numbers in the function data
input. The numbers used for input are also used to identify the variables and
functions in the calling subroutines. If a variable is assigned the interger i
and a function the integer k for input purposes, they are identified in the
calling subroutine by VST(i) and FUN(k), respectively.

Before FLOOK is called to generate function values, the required variable
values must be transferrcd into tbhe appropriate VST array position. After
the return from FLOOK, the function values will be contained in the FUN
array. As an example, suppose that functions identified by the integers 7, 8,
9, 10 and 14 are to be generated; the functione 7, 8, 9 and 10 are functions
of variables identified by the integers 1, 3, 4, 7, 9 and 11; function 14 is a
function of the two variables 5 and 6. The coding required to do this is:

V (1) = V 1

V (3) = v 3

V (4) = V 4

V (7) = V7  I
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V (9) =v9

V(11) = Vll

CALL FLOOK (V, F, 7, 10)

V (5) = V5

V (6) = V6

CALL FLC DK (V, F, 14, 14)
where V1, V3 , V4 , tc., represent the current values of variables. The

function values will be contained in F (7), F (8), etc.

The general form of the CALL statement is

CALL FLOOK (V, F, ISTRT, IEND)

where

V - variable array

F - function array '
ISTRT - number of first function to be generated i
IEND - number of last function to be generated

How to Set Up Function -Table Input

A function table -:; a table of function values tabulated over some matrix j
of variable values. ¶7 e matrix will be either single-, double- or triple-
dimensioned, depending on whether the function has 1, 2 or 3 variables. The
variable values at which a function should be tabulated are left to the discre-
tion of the user. The criteria which may be used to tabulate the aero data
is to pick points on a curve so that a new curve constructed by drawing
straight-line segments between the points which lie within ±10 percent of the'
original curve. This is fairly complicated for a three-variable function be-
cause it will be represented by families of curves. For example, F(M, a, 6)
may be represented by the curves shown in Figure 1-3.
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M12 M)

2 M3[F Fý F3

/2 a2. a2
-~--~I -a --1 -L 8 1  zC. 1.; 4

8102 83 8i82 83 818283

Figure 1-3. Sample Function Curves

If the 6 values chosen are 8, 62, and 63 then the matrix of variable

values would be:

(M 1, a 1 , a1) (M 1, a 1 , 62) (M1, a1' 63)

(M 1 , a' 2, ai) (M 1 , a 2, 62) (M 1, a 2' 63 i

(M1 , a 3, 0i) (Mi, a3 , 62) (Mis a 3 , 63)

(MV a1 is ) (M 2, a 1, 62) (M 2 ` a 1, 63)

(M 2 , a 2 , 61) (M 2 , a 2, 62) (M 2 : a 2, 63)

(M 2 , a 3, 61) (M 2 , a 3 , 62) (M 2 * a 3 , 63)

(M a19a(MO, a is (M3  Is 63(M3 , a 1 , 81) M.., a1, 82)'M'"1 3

(M 1 6) (M3 a 2, 2) (M) a
3 a 2, 1 3 2 2 ;'is 2' 3)

(M 3 , a 3, a1) (M3 , a 3 , 62) (MO. a3 , 63

To identify the functions and variables on input cards they must be

assigned numbers. It is also efficient to identify the variable value sets
[for example (M 1 , M 2 , M 3 )] by numbers because a single variable may
assume different values for different function tables, and different variables
may assume the same set of values. Therefore the first thing to do, once
the function- tables are constructed, is to assign numbers to all function-
tables, variables, and variable value sets.

For convenience -- and for storage capacity -- the numbering should start
at I and proceed successively. The numbering in each of the three groups,

255



i.e., variables, variable value sets, and functions, should start with one.
This means that a function, a variable, and a variable value set can all be
assigned the same number and still be defined uniquely in the preorram. How-
ever, each variable, for example, must be assigned a unique number with
respect to all other variables. As an example, the following assignments
might be made for the sample function shown in Figure 1-3:

a 1

F-.3

6 -'3

(M1, M2, M 3 ) - 3

(a 1, a 2, a 3)-- 1

(81, a2P 53) -5

To read the table input, a call to FLOOK is made in the initialization
section (i. e., MODE = -1). The first time FLOOK is called, it reads input
table data. The table data are placed after the RUN card in the input data
deck.

The data for a function table is set up in one continuous block of cards

which are made up of the four sub-blocks

1. Function header card

2. Variable-value cards

3. Function-table value cards

4. End function card

and must appear in that order.

Function Header Card -. This card identifies the table by the following data:

0 Number of variables in the function

* Which variables are used in the function (their numbers)

0 The variable value sets over which the function is tabulated

0 Function number

0 If one exists, the number of the previously specified function table
which has exactly the same function values as the present function
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The function header card format is shown in Table I-1, and a card for
the example function is shown in Figure 1-4.

Table I-1. Function Header Card Format

Columns Entry

1-5 Number of variables in the function

6-9 Set of values for first variable
10-11 First variable

12-15 Set of values for second variable

16-17 Second variable

18-21 Set of values for third variable

22-23 Third variable

24-27 Function

28-31 Previous function with same values

NOTE: These are all integer fields and the entries
must therefore be "right justified".

COlumnn a is as a ? a

l ! i ! ! I I ! I ! i I I 1 ! ! I I ! I I I I I I a-

Figure 1-4. Function Header Card Example
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Variable Value Cards -- The numbers in each variable value set need to be
specified only once. If a set ir referenced on the function header card, it
must either be given in this block or have been given in the variable-value
section t, z previously specified function-table. If a set is not referenced on
the function header card, it cannot be specified in this section. If a particular
set of values are specified in twn different function-table blocks, the entry in
the second block will be ignored.

Each card containing variable values must be identified by entering the
set number on the card. Any number of cards may be used to specify a set
of variable values. Each card has nine variable value fields as shown in
Table 1-2.

For the example function, suppose that set number 1 has been specified
in a previous function table block, therefore, the cards for this variable-
value section would be as shown in Figure 1-5 for

(M 1, M 2 , M 3 ) = (0. 1, 0. 3, 0. 5)

1' 2' 63) = (0. 0, 10. 0, 20. 0)

Notice that the variable values shown are "left justified"; this is done
to make it easier to check the data on the card, but is not necessary. The
variable-value entries can be placed anywhere in a field, the only caution
being that a decimal point must be specified somewhere in ,• field. The
variable values must be in order of increasing value, i. e., • h the least
value first and the greatest value last.

Function 'i ,ole Values -- Function table values are entered on exactly the
same type of card as variable values except the field used for -Jet number
must always be blank. A function value must be given for each point of the
matrix constructad from the variable-value sets. The function values must
be specified in a certain order and that order is given in the sample matrix
shown earlier, when reading from left to right and down. Therefore the
function values must be in the order

F(MI, al1 , a1)

F(MIS a 1 p 62)

F(MI, a1 , 63)

F(MI a2' 5 1)

F(MI a 2 # a2) etc,

In other words, the correct order is with the last variable varying fastest
and the first varying slowest.
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Table 1-2. Variable-Value Card Formnt

Columns Entry

1-4 Set number

9-16

17-24

25-32
33-40

41-48 Variable values

49-56

57-64

65-72

1 '73-80

1 , , a --. 0 1 20-0

_ I i

Figure 1-5. Var-iable-Value Card 5ample
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End Function Card -- This card has a -I in columns 3 and 4 and signals the
end of data for this function block. Any number of function blocks can be
placed together and one extra -1 card must be place0 after the last function
table block.

Function-Table Input Card Set -- The complete set of cards prepared for
function number 4, used in ADAP1, is shown in Figure I-'-

TABLE DATA INPUT SECTION LOGIC

The function values for all function tables are stored in the single array
called F in the order which they are read, and the variable values are stored
in the single array V in the order which they are read. It is rcessary to be
able to locate the function values and variable values in the,-: -.*Ingle arrays
and therefore the beginning location of each function table, are thr beginning
and ending location of each variable value set are saved. The 3,.? location of
a variable value set is saved because it is necessary to know The number of
entires in each set. The beginning location for ( -ch functon table is stored
in the array IrN in the order which the functions ppear in the input. If
IFN(5) = 127, it memns the fifth function read has its function table starting in
F(127). The beginning and ending locations of the variable sets are stored
in arrays IFST and ILST, respectively, in the order which the function
variables occurred in the input. This information is r-k. only entered in
IFST and ILST when a variable-value set is read, but is also entered every
time a variable references that set. Tiierefore, in the program the set
number associated with a variable is not saved, but, insteld, the beginning
and ending locations of that set are saved.

To determine which entries in the IFST and ILST arrays go with each
function, the number of variables in each function is stored in the NL array
in the order which the functions are read. It is also necessary to know which
vdriables are in each function so this information is also saved in the NL
ar-ray by making the number of variables the hundreds digit in the entry and
the variable numbers the 10 and l's digit. Therefore, if a function has the
three variables. 12, 3 and 21, then the NL array will have the entries 312,
303, and 321.

There is a one-to-one correspondence between the entries in the arrays
- IFST, ILST and NL, thus:

IFST(10) = 87

lLST(10) = 94
NL(10) = 214

contains the information that variable number 14 appears in a two-variable
function and references the variable value set contained in V(87) through V(94)
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Figure 1-6. FunctLon-Table Input -Card Set
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Figure 1-6. Function.-Table Inpu~t Card Set (concluded)
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!or that particular function. The only information that is still lacking is
which function the above information is associated with. To obtain this infor-
.m.-tt.u the function narpbers are stored in the NFID array in the order which
they are read. To associate these function numbers with the IFST, ILST
and NF arrays, it is necessary to start from the beginning, i. e., at IFST(1),
ILST(1), NL(1) and NFID(l), and keep track of the number of variahles in
each function. For example, if a set of function tables are read in the order

F(a,)

G(y)

H(8, e, a)

where

a = (aiF aF 2 ' aF3) in F

- (l'r v2 )
8 (61, a 2P a3)

£: (c1, 121 '3' £4) = (8I' 02' 13' 934)

a (aHiD aH 2 * aH 3' allH42 H 5) in H

and the following numbers are nssigned

F- 2

G- 3

H-.5

a-.2

'-3

£-'4

(oF' a F 2' a F 3 ) 1
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(10 P -0 3' /4) :- 5

(v'1 v'2) - 10

(81 8 20 a3) ., 17

(e1' e2' '3' -4-. 5

(a1, a H2' a-H3' alH4' al5) " 3

the-4
IFST(1) = 1 ILST(1)= 3 NL(1) = 202

NFID(1) ""2 FST(2) = 4 ILST(2) = 7 NL(2) = 203

NFID(2) = 3 IFST(3) = 8 ILST(3) = 9 NL(3) = 101

IFST(4) = 10 ILST(4) = 12 NL(4) = 305
NFID(3) = 5 LEST(5) = 4 ILST(5)= 7 NL(5) = 304

IFST(6) = 13 ILST(6) = 17 NL(6) = 302

By starting at NFID(1), IFST(1), ILST(1) and NL(1), it is possible to
determine that IFST(3), etc., corresponds to NFID(2), i. e., function num-
ber 3, by noting the 2 in the hundreds digit of NL(1) and NL(2) which says
that IFST(1), IFST(2), ILST(1), ILST(2), NL(1) and NL(2) correspond to
NFID(1).

The function values are stored in the F array, and the IFN array con-
tains the starting location for each function table, therefore, for this example

IFN(1) = 1

IFN(2) = 13

IFN(3) = 15

One other arrmy, called IMS, is used during data read to determine
which variable value sets have already been read, and where they are stored.
This array must be dimensioned at least as large as the largest set number
used. Initially, before any data is read, this array is set to zero and then
when a set is read, the IMS arra, location with index equal to the set number
is equated to the index of the IFST array location which contains the starting
location of the set in question. For example, IMS(14) = 5 means that
variable-value set number V" has been read and is stored in the V array
starting in V(kl) and ending in V(k2) wnere kl = IFST(5) and k2 ILST(5).
For the sample input given above the IMS array would be
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V - ......... ' -

IMS(1) = 1

IMS(3) = 6

IMS(5) = 2

IMS(lO) - 3

IMS(17) = 4

The Table Look-Up section of FLOOK makes use of an array called LID
to expedite the process of locating variable values. This array contains
information about the location, in the V array, of all variables during the
previous table look-up. For example, the previous value of a in the function
f20 may have had a value which laid between the two set values stored in
V(24) and V(25), therefore, the LID location corresponding to a in f 2 0 will
contain a 24.

In other words, the location of the smallest of the two set values which
bound the variable value is saved for all variables in all functions.

The correspondence between the variables and the LID array is the same
as the correspondence between the variables and the IFST array. The LID
array is initially set equal to the IFST array and this is done in the Read
Data section.

The arrays and single variables shown ir Tables I-3 and 1-4 are used
to store the data temporarily as it is read froai cards and before it is stored
permanently in the arrays discussed above.

Table I-3. Symbols Used to Read Function Header Card

Symbol I Usage

KNV Number of variables

KKV(1) Set numbers associated with the first, second and
• KKV(2)KKV(3) third variables, respectively

KV(1)
KV(2) First, second and third variables, respectively
KV(3)

KFN Function number

KFNS Number of the previously read function table with iden-
tical function table data
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Table 1-4. Symbols Used to Read Variable- or Function-

Value Cards

Symbol J Usage

KNV1 Set number

R(l)
R(2)
R(3)
R(4)
R(5) Variable values or function values
R(6)
R(7)
R(8)
R(9)

If any of the Error Stops shown in the FLOOK flow chart prescribed in
SSection III are reached, then the following message is printed out:

FUNCTION TABLE DATA ERROR
FUNCTION NUMBER nl
NUMBER OF VARIABLES = n2

V1 = n3

V2 = n4

V3 = n5

SET1 = n6

SET2 = n7

SET3 = n8

SNVVL = n9

NFV = n1O

NF = n12

KNVI = n13

Contained in this message are the values of all variables that could cause
an Error Stop. The symbols n1, n2, . .. etc., are used here to represent
the numbers that will be printed out. The symbols in the message have the

pmeanings given in Table 1-5.
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Table 1-5. Symbols in Error Stop Message

Symbol Meaning

V1
V2 Variable numbers
V3

SET1
SET2 Variable value set numbers
SET3

NVVL Total number of variable values read, i.e.,, variable
values in all sets

NFV Number of functicn variables that have been read, i. e.,
the sum of KT'TVs for all function header cards (see
Table 1-3)

NFVL Total number of function-table values that have been read
for all functions

NF Number of different functions that have been rea,

KNV1 Value of the set-number field on the last varial le-va~a
or function-value card (see Table 1-4)

LOOK-UP AND INTERPOLATION SECTION LOGIC

This section of the subro-mine makes use of the information stored during
the reading of function tables t% compute values for all functions contained in
the input. The process used is to first locate the set values which bound the
value of each variable in the function, find the neighboring function values
which are stored in the tables, and then interpolate between these function
values to obtain the approximate function value at the current value of the
function variables.

The interpolation between function values is linear and is described in
detail in the following paragraphs.

Interpolation Process

Let the function in question be denoted by f(a, (, y) and suppose that func-
tion table values are given for the variable-value sets (a 1 , a 2 , a 3 , a 4 ),

('1' 02' (3) and (v1. y2, y3 . y4 , y5). Suppose also that at the current time
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a 2 :a :!<•a3 1 r' ' :02 and ^ r y y•5. Graphically the situation would be
something liki Figure 1-7, where y is the current value of y.

Sa=oa2 aýOL3

f (a 2, 0 ,"c)

f~ (a, IY

Y4 "c Y5 "Y4 "c v5

Figure 1-7. Interpolation Process

Figure I-7 shows that a linear interpolation is used on the 01 and 32

curves to obtain values for f(a 9 1, YO,) f(Aa 2 , 12 YOe, f(a 3, 131, e) and
f(a 3 ' 9 2' vc). This can be written as

f(a•2, .31 7o : f(a2 . 31 . y4 ) + [f(a,25 131, y5 ) - f(a2 .,f 1, 4)x V5 V---4

Vc -

f(a 2 #132, Vc) f(a,2 '1321 74 ) + [f(a 21 9 21 v5 ) - f{ 2 1'2 , Y4O]x ^/,5-Y4

f(c 3 ,1.2 , 2c) = f(a,3.,l2 Y4 ) + [f(c13 .3 1 y 5 ) - f(a•3 , i. 9 4 ) O x c-4

3'f(a3 , 2' c) = f(a3,y 132 74 ) + [f(a3 # 75) - f(,y 2' 9 4 )]VO -x

The next step is to use these four function values ana .nterpolate for

f(a 2,c, 'Ydc) and f(a3 , 9c, c) where Oc is the current value of 3. This inter-
polation can be written as
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f(a2, c, Yd = f(012,8 1' N) + Ef(a 2, 02' vc) - f(02, l ) x 2c

f(a,3,y,•) = f(a 3,• c)~ + f(a13, 2,) - f(a3.3,y• ) •c 1
•2-01

and finally
ac-a2

f(a 1f3c +r
c' _cd f(a 2 'c' c +f(a 3, P' -YV.) - f(c2'. 'c) x -a

By using the notation

a c -2 "6 1 and ys•s a •3a2 s = 2-•] = s'
3-2 21 Y

and combining all of the above equations it is possible to write

f(a C.9c, Yd) = ( (f(a 3 ,.11, Y5 ) - f(aT3 ,f 1 , V.!d))7s + f(a3,j 1, 74 )

- (f~2P 01 ) - A(c2 ,131 , Y4 )) Ys - f(O!2 ,' 3, 74 )3 (1-9 s)

+ [(f(a3 ,3 2 1 y 5 ) - f(a 3 ,9 2 y Y4 )) Ys + f(a 3 , 9 2 , Y4 )

- (f(a2 ,3 2 , Y5 ) - f(a2 ,f 2 ,Y 4 )) Ys - f(a 2 ,3 2, 7Y4)1 •s as

+[(f(a 2 ,•3Y 5 ) - f(a2,01l Y4 )) Ys + f(a2 ,13, /4 )3 (1-0,9)

+ 1(f(a 2 0 •12 7 5 ) - f(a25 2•2 Y4 )) Ys + f(a2 . A2' 74 ))3 0s

Notice that if a is constar'0 i. e., f is a two-variable function, then the
term ( as is zero and only the remaining terms need to be computed. This
is the way the interpolation computations are handled in subroutine FLOOK.

Using the above equation to interpolate for a three-variable function
requires that the eight function values
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f~'~2' 1' 74

f (021 2#)

f(a2 * 21 y' Y5 )

[ f0123 2 ' 74)

fVa 3,13Y,7 4 )

f(a•032 ,y 5 )

be located in the stored function tables via table look-up process, which is
discussed in what follows.

Table Look-up Process

The general idea used in the table look-up is that if the starting location
of a table of function values is known and the function values are stored in
the correct order, i.e., with the last variable varying fastest and the first
varying slowest, it is possible to compute the location of f(Va. A. k), where
lip, Pi, and yik are contained in the variable value sets used to cokstruct the
table. If the starting location of the function table is denoted by LS and the
function table contains values for the sets (a1 , a2' . aQL), 2, AM)
and (yI, Y2, *..- VN) then the location of f(a, ij, yk), call it L i, j,-k, is

Lf,,k =LS+ NJ-l + M(i-l)]+ (k-l)

Using this equation, it is possible to obtain the following equations which
can be used to compute the locations of all eight function values:

Lfil, = Lf. +NM

Lf. Lf. kN•' Lfi, j+l, k =Li, j, k +N

Lf= Lf. +NM
Lf'+ 1, j+1, k j+l, k 2
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Lfi, j+1, k+1 Lfi, j+1, k + I

Lf. I Lf.+ 1SLi, j, k+ 1 = fj, k +1

Lfi+ 1, j, k+ 1 = Lfi+ 1, jk+ 1

With the function values located, the linear interpolation can be performed
to obtain f(ac, 0c,, c) as described previously.

The information required to compute the above function value locations
was stored dt ring input read. The beginning location of each luncti'-n table
was stored in the IFN array and the beginning and ending location of each
variable value set was stored in the IFST and ILST ar-ays, respectively.
Therefore, the values of L, M and N can be computed from the ILST and
IFST arrays, in particular

L = ILST(n) - IFST(n) + 1

M ILST(n+i) - IFST(n+1) + 1

N ILST(n+2) - IFST(n+r2) + 1

In the above formula, n shows the inputting sequence of the variable
value sets occurred during the input. For example:

IFST(10) = 87

ILST(10) = 94

means that the tenth variable value set read starts at the location V(87) and
ends at the location V(94).

The values for i, j, and k can be found by searching the respective
variable value sets for the set values which bound the current variable vplue.
The set values are stored in the V array, and the set associated with a, for
example, is stored in V(kl) through V(k2), where ki = IFST(n) and K2 =
ILST(n). If V(il) -. a ! V(i2), where kl ! ii 1 i2 sk2 then i = il - k1 + 1, and
il will be stored in LID(n) to be used as a starting point the next time. The
IFN, IFST and ILST arrays contain data stored in the order which the input
was read, and can be unscrambled by use of the NFID array. If il < k1 or
i2 >k2 then the function value computed will be the function value at the last
variable value in the table (Figure I-1).
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The final values of all functions after interpolation are contained in the
SFUN array, and their location in that array is defined by the numbers

assigned to them. For example, the value of CT(a, 8ei), which is assigned
the number 7, can be found in FUN(7). The current value of each variable
is stored in the VST array in the same manper. !n summary, if the required
variable values are set in the VST array before executing the Table Look-Up
and Interpolation section then the result will be a corresponding functior
value, stored in the FUN array, for all function tables in storage.
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APPENDIX II
.I DIAK -- PROGRAM FOR

OPTIMIZATION OF STATIONARY SYSTEMS

The stationary optimization program (DIAK) is used in ADAPS to compute
the steady-state optimal controller and the estimator gains for a frozen-time-
point linear-data set.

Table II-1 contains the subroutines in this program, as well as references
to the analytical developments in Volume I. The first group of subroutines are
the basic subroutines. The second group corresponds to data manipulation
subroutines. The third group is the auxiliary set of subroutines, and they
are the same as those described in the ADAP2(DISCOP) program in Section IV.

In the following the input/output description is given first. Then the main
program and its subroutines are presented.

DIAK INPUT/OUTPUT

INPUT DESCRIPTION

Input for DIAK is in the form of cards and/or data stored on a permanent
disc file.

Card Data Input

The first group of cards to be read is cards 1-4 which provide basic pro-
gram &kta. Their formats are shown in Table 11-2.

The next input occurs in SDATA subroutine when IDATA $ 0. In ais case
the matrices FF, GG1, GG3 and H2 are input by subroutine INPT. Subse-
quent inputs occur in the subroutine DATAGEN. When IREADC $ 0, H, D, Q
matrices are input by calling subroutine INPT. If IREADE $ 0 the macrices
W1, W2 and HH2 are input in the same manner. The next input may occur in
subroutine CGAINS. If INPC = 1, a constant is read in under the FORMAT
(G0. 4). If INPC = 2 the initial controller gain matrix is read in by subrou-
tine INPT. The last input may occur in subroutine EGAINS when INPE = 1.
In this case the initial value of the estimation error covariance is read in.

The complete card data input deck for DIAK is shown in Figure I-1.
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Table 11-2. Format for DIAK Data Input Cards 1-4

Card/Format Column Quantity Description

1/(412) 1-2 ITAPC ITAPC a 0 * Controller gains are not computed

ITAPC j 0 * Controller gains are computed

3-4 _ _APE _ _APE -__ 0_ _ Estimator gains are not computed

ITAPE ý 0 * Estimator gains are computed

5-6 ITAPPF Logical number for permanent disc file

8 IDATA IDATA 0 -q No linear data inrut through cards

MDATA • 0 * Linear data input through cards

2/(412) 1-2 IMAX Maximum number of inner-loop iterations

3-4 ITER Maximum number of outer-loop iterations

5-6 INPC INPC - 1 o Starting costate matrix IC is input

INPC x 2 - Starting gain matrix K is input
INPC - 3 s Starting costate matrix is from the
previous run in the memory

7-8 INPE INPE = 1 w Input initial error covariance matrix

INPE = 2 = Initial covariance matrix is from
previous run in the memory

3/(512) 1-2 NX Number of state variables

3-4 NU Number of controls

5-6 NR Number of responses

7-8 NM Number of measurements

9-10 NW Number of disturbances

4/(312) 1-2 NDPTS Data point for the frozen time point linear data

3-4 IREADC 1READC 0 * D, H, Q matrices for controller
are input

IREADC 40 - D, H, Q matrices are in the memory

5-6 IREADE IREADE = 0 - W 1 W2 HH2 matrices for estimator
are input

IREADE ý4 * W 1 W2 HH2 matrices are in the
memory

275



I~~~ ~ INPE IT2)NC.IP 1

2W6II
IWE



Permanent Disc File Inpu"

Thiis type of input occurs first in subroutine DATAGEN. The linear data
FF0 GGl, GG2, GG3, H 2 and VW are read in from the permanent disc file
ITAPPF for the specified frozen-time point NDPTS. Subsequently the data
written on the scratch tapes ITAPC and ITAPE are input in subroutine CGAINS
and EGAINS, respectively.

OUTPUT DESCRIPTION

The output from DIAK is in the print form only. The parameters IMAX,
ITER, NX, NR, NU, EE are printed out by subroutine CGAINS. Subsequently,
the matrices F, GI, G2, H, D, A, E, Q are printed out. Then the costate
matrix P and optimal gain matrix K are printed out. If convergence is not
obtained, a message is printed out accordingly. The parameters corresponding
to the estimator computations, IMAX, ITER, NX, NW, NM, EE are printed
out by subroutine EGAINS.

Subsequently, the minimum error covariance matrix P, optimal estimator
gains L, the covariance of estimator X, and the total covariance X are printed
out using subroutine INPT.

PROGRAM DIAK DESCRIFTION

MAIN PROGRAM

Program DIAK generates for time-invariant systems the steady-state
values of the optimal controller gains, optimal estimator gains as well as
optimal error covariance and state covariance matrices. This program imnple-
merts the analysis of Section X of Volume I.

The main program reads at the beginning the first four cards in the input
data deck. If IDATA $ 0 it also reads FF, GG1, GG3, and H2 matrices by
calling SDATA. Then for the given frozen-time point, the complete linear
data for the controller and the estimator computations are prepared by &ub-
routine DATAGEN. Calls to controller and estimator design subroutines
are made depending on the ITAPC and ITAPE flags.

The design algorithms are double-iterative. If the solutions do not con-
verge, exit occurs after a specified number of iterations.

After one cycle, the program goes back to the beginning and reads a new
set of data. When it finds ITAPC = ITAPE = 0, it 3tops.

The flow diagram for program DIAK is shown in Figure H1-2 and its pro-
gram listing iWi Figure H1-3.
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SET LR, NXM, NUM, NRM

" NMK , NWM, EE, NN

C CNTINUE 
1000

-.4 ....
ONTINU

SREAD ITAPC, ITAPE,

ITAPPF, IDATA

TESTIF ITAPC z0, ITE 0TO 33

I M A X , IT E R , I N C ,' ' N P E |

READ NX, NU, NR, NM, NW

READ "Figure 11-2. DIAK Flow Diagram
• NDPTS, IREADC, IREADE

S-. YES

TST IF ATA - 0

ii

I I

i ~CAL. SOATA

:• i CONTINUE .

CALL• DATAGEN
YES

r4 TETIITPi •s'rF TERC >,TEo STOP 31

YE TETI IAE- 0,,
CALL EGAINS

5 2,



PR:)GRAM DIAK( INPUT eOLTPUTTAPE5uINPUT ,TAPE9uOUTPUT.TAPE6,TAPE7.TAP

C MtAIN PROGRAM DIAK

'I COMMON NXNU.NRNWNM.NXMNUMNRMNWMNMMNN.EE

DIMENSION AK (4,17)
LRaS
NXMs 17
NUM*4
NRM=u!l
NMM .12
NWMm3
EEM6001

1000 CONTINUE
READ(LR.1) ITAP-.,ITAPEITAPPF.IOATA

1 FORMAT(412)
IF(ITAPCE.EOoANDsITAPE*EO*O) STOP 33
READ(LR*2) IMAX*ITERINPCINPE

2 FORMATf412)
READILR93)NX ,NU*NR*NM#NW

3 FORtMAT(512)
REAr,:. ')NDPTS9IREA!ICp'READE

4 I'0P'- J12)
IF%. A*EGO.) GO -. , 8
CALL 4TA(UTAPPFoNDPTS)

CAL. "r ITAPCITAPEv' %PPF#NDPTfSvIREADCvIREADF)
IF(I 11 GOTO 10
CALL C lS(AK.ITAPCIMAXITER.ITERC.INPC)
TF(ITEI~.sT.!TERC) STOP 31

!,A IF(ITAPE*EQ.01 60TO 1000
CALL E6AINS(AKITAPEIMAXITERITEREINPE 3
,'F(ITER*LT*ITERE) STOP 12
"TO 1000

Figure 11-3. DIAK Program Listing
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BASIC SUBROUTINES

Subroutine CGAINS

Subroutine MGAINS generates the steady-state values of the costate and
the controller gains in accordance with the analysis presented in Section X, of

Volume I.

At the beginning of the program the equivalent matrices A, E and Q are
generated, and all matrices involved in controller computation (F, G1, G2,
H, D, A, E, Q) are printed out. There are three starting conditions in the
iterative solution: (a) Po = IC, (b) Po is computed from Ko, and (c) Po is
set to what is already in the memory.

For convergence each distinct element of the symmetrical costate matrix
P is subjected to the ratio test. If the NC elements pass the test, conver-
gence is obtained, and normal exit occurs. The optimal gain matrix is com-r
puted and printed out along with the costate (Riccati) matrix. If convergence
is not obtained, a message is printed out indicating the situation.

For each fixed right-hand side, the costate is computed by calling sub-
routine CAL.

The subroutine CGAINS flow diagram is shown in Figure 11-4 and its
program listing in Figure -1-5.

Subroutine CAL

Subroutine CAL generates the Lyapunov matrix by solving iteratively the
Lyapunov equation for IT = 1, and the covariance equation for IT = 2. The
same test as described in subroutine CGAINS is used here for convergence.
If convergence has not occurred in IMAX iterations, exit occurs with a
message of iteration number. The subroutine CAL flow diagram is shown
in Figure 11-6 and its program listing in Figure 11-7.

Subroutine EGAINS

Subroutine EGAINS generates the optimal estimator gains, minimum
estimation error covariance and the optimal covariance of state as developed
in Section X of Volume I.

The start.ing value Po for the iterative solution is either entered (INPE = 1)
or obtained from the previous solution left in the memory (INPE = 2). When
convergence occurs, the error covariance matrix is printed out. Subsequerntly,
the optimal gains and total covariance are completed and printed out.

The subroutine EGAINS flow diagram is shown in Figure 11-8 and its
program listing in Figure 11-9.
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WRITr.:
IAX, IT ER, NX. N R. NU, E

LCOMPUTE NC
FLOAT

SET ITP=ý

ZERO MAThiC^ESr, A, AN E, KN EP, PEP, PI
II IDIC,61 K, G2

n~, QQ WV, W1

RCWINO ITAPC

Figure 11-4. Subroutine CGAINS
Flow Diagram

READ FROM TAPE
F, GL. H, 0, Q

SAVE

COMPUTE

TEST-C IF'D) NU-D'QH)7 /D

AN~NA

A 
I

28



LCONTINUE

I COMPUTE L2 PA-P
QN- (0 QH)'(0 Q0)"1 D'QH

COMPUTE 3,14,11 CAL CAL QN, P)

Q - H'QH -(DH)'(D'QD)•OI D'QH

r-N Qz E 1 7 STOI'E P -QN

C 

C O M P U T E 

6 

-

READ~ ~ ~ W -NU KDD) IO 
Q÷I1

E P, SET 

, I I 
'

INPUTK QNTCNUEP

P , lPC 

. 4,'.
CMT71CLEAR 

ICTE

EA (A -EP

C OMPlU)TEL 7012ELEMENT 
OF PI" Of

CO MPUTE 

AoR 

DISTINCT
A P TELEMENTS

P. I 
IP

PEP- 0GI.K,'Q C..K, 
p

TEST IF EC 
YE

CALLFigure~FO DISINC truieCGISFo

PEPagram)' (cotiudK)

205
INCREMENT

876 CICT

SAVE P- PEP

___________________CONTINUE

Figure 11-4. Subroutine CGAINS Flow 0

Diagram (continued)
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NO

- ~ ~--,-- ~ ~ -



WRITENOT CON.VERGED IN ITER
ITERA'TIONS

FIRST TERM TO FAIL WAS ICT

ITERM IE- 1

WRITE
P MATRIX AT ITERATION ITER

WRITE
P M MATRIXCA ITERATIOX ITP

REOTURN E

S~~CONTINUE 
L

1

STESTIF E
ITERC < [TER 

"

,,NO

WRITE 
•

GAIN MATRIX KF w i r

14010WRITE
RICCATI MATRIX P

GAIN MATRIX, K

F~gure 11-4. Subroutine CGAINS Flow Diagram

(concluded)

283 I

a -!



SUBROUTINE CGAINSIAKITAPCIMAX.HTER.ITERCINP)
C DOUBLY-ITERATIVE ALGORITHM FOR SOLVING ALGEBRAIC RICCATI EQUATION

COMMON NXNU.NRNWNMNXMNUNNRMNWMNMMNN.EE
DIMENSION F(17,17),G1(17.4IG2(17,3).AN(17.17),E(17.173

~9 IDIMENSION Q(21,21).0N117,17).EP(2717,1TPEP(17,17),P117,17)
DIMENSION HI121,17),O(21,*),AK(4,217)PI(17,17),DDO(,4),1KWA(41

DIMFNSION W2(49171
DIAENSION Al 17917)
WRITE(9t4002) IMAX#ITER ROFINRLOITAINS197MXN

4002 FORMAT(2H2/7X,37H MAX NUMBER FINRLO TRTOS1,7 A
lUMBER OF OUTER-LOOP ITERATIONS 13//)
WRI TE(994003 )NX*NR*NU*EEI: j ~4003 FORMATt//7X,1SH ORDER OF SYSTEM nI3/7t22 NUMBER Of RESPONSES m13
1/7X#21H NUMBER OF CONTROLS .13/7X*G1H CONVERG* FACTOR =FIO*8//)
NCn(NX#(NX+1) )/2
FNwNX

C CALCULATE A#EQ IN RICCATI EQUATION PA*A*P-PEP4OuO
c
C ZERO ARRAYS
C
9099 CONTINUE

TTERCwO
00 8020 I101NX
DO 8013 Ju1,NX
F lI*J)0.o
A (19J~mOo
AN lI.J)n0.
F (ItJlu0.
ON (19J)nOe
EP (I*Jlaoo
PEP (I J)m0.
PI (Iqj)=O*

8013 CONTINUE
DO 1700 Jwl9NR
H(JOI .0.

1700 CONTINUE
DO 8014 i-1.NU

8014 AK(JI).09
DO 8015 JU1.NN

8015 G2(IJlw0.
8020 CONTINUE

DO 8045 I1,2NR
Do 8045 Jul.NR
0(1 .J)=O4

w(Iqjds0*

8045 CONTINUE
REWIND ITAPC

REAreItTAPC)l(G1(IJhsJsl.NU),Il.lNX)

j ~Figure 11-5. Subroutine MGAINS Program Listing
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READ(I TAPC) ((HE! ,J),JinlNX) ,IulNR)

READI !TAPCI (IDE IoJi.J=1.NU) ,1alNR)
READ( ITAPC) (40(1 J .JulNRR Jal~tNR)
DO 675 Ia1.pNR
DO 875 JwJNR
o0(l.J)vQ(1,j)

875 0(J9IluQ(I9JJ

DO0 4 Iwl.NU
DO 4e J*lNR

no0 4 IKul*NR
4 W(lJ)*wll9Jl4Df~vI )*QlK*J)

D0 5 !n1.NU
DO 5 J=lgNU

DO 5 Ke1gNR
5 DODC19J)*ODU,(1J)+W(I*K)*D(K#Jl

1Ff NU-1)302. 302*301

GOTO 303
301 CONTINUE

CALL TD)INVR( ISOLIDSOLNUNUDQDNLW'1KWAOET)
IF1(ITSOL+IOSOL)-2169697

7 STOP 66
6 CONTINUE

303 CONTINUE
DO 8 I1*1NU
00 8 Jw1.NX

ON(I#J)000

12 WON(,JwQIfI*J)*WI(1K,)*H(K*J)
DO 911N
DO 13 JwI*NX

DO 13 K*l.NR
13 WI(I.J)*WlIJ)+.OD(IK)*WIUKtJ)

DO 10 lulNX
00 10JnI9N
A~t9JlF(I*J

Figure 0 It-5 SubouI#ne SPormLitn cniud

11 AIsJu~fl~l-I(Io)*WK9J
10 ANI#J)*t285
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DO 14 Jul ,NX

Of IqJluQNfIJ)
00 15 KwlIe4R

15 Q(I*J)uQ(I*J)+H(KtI)*W1(KJ)

DO 16 I=I*NU

DO 16 JI#NX

DO 16 Kw1,NU
18 E2(IJ)UW2f!J)+G1 D(1,K)*W2IKJK)

DO7 1 EJIwuEI#J

RIE(19J,20

CAL MPJIMXMNUMNX1tJGI
WRITE(9920)
CALL MP(NXMgNXtNNX,3,G)
WRITE (9.23)
CALL MPfNXMvNXI4,NRNXH)
WRITE4(9,24)
CALL MP(NRM*3UMNR.NuD)
WRITE(99M5
CAL MP(I4XM*NXM9NXNX9A)
WRITE(9924)
CALL MP(NXM*NXM*NX.NXE)
WRITE(9*25)

CALL MP(NXMPNXMtNXNXtEO)

21 FORMAT(1H1/?X*1OH F1 MATRIX//)

21 FORMAT(1HI/7X*IOH G'1 MATRIX//)
22 FORMAT(1HI/7X,1OH G2 MATRIX//)

25 FORMAT(1HI/7X91OH A MATRIX//)
26 FORMAT(IH1/7X*2OH E MATRIX//)
27 FORMAT(1H1/7X*10H 0 MATRIX//)

GOTOf 2000,3000,2050) ,INP
2000 READ(592001)PC
2001 F0RMAT(G10*41

~1 DO 2003 Iw1.NX
00 2002 J*19NX

2002 p(IJ)uO.
p2003 P(I0I)wPC

G0 TO 2050
3000 CALL INPT(AK9NUMNX!4)

DO 1011 1u1,NX
DO 7011 JulNX
EP(I*IJ)uF( IJ)

Figure 11-5. Subroutine CGAINS Program Listing (continued)
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00 7011 Ku1-NU
7011 EPfl9JlxEP(I.Jl+Gf1vK)*AK(K*J)

DO 7012 ImlNR
DO 7012 JuINX
HDK(I ,J)uH(I .J)
n0 7012 Kw1,NU

7012 HIDK(1.J~uHDK(1,J)+)( I.K)*AK(IKJ)I DO 701'3 I1-1NR
DO 7013 J1.*NX:~ j DO 7013 Kw1,NR

7013 W1(1.J)SWl(IJ)+OQ(IK)*HiDK(KeJ)
DO 7014 JulNX
DO 7014 Jwl#NX
PEP ( I .J)
DO 7014 IKu1,NR

7014 PEP(1,J)uPEP( IJ)+HiDK(KI)*W1(KJ)
CALL CAL(EPPEPP.KKWA.NX.tJXM.IMAX,1)
DO 876 IulNX
DO 876 J*I*NX

876 P(I*Jl.PEP(I!J)
GO TO 2050

1000 CONTINUE
DO 2010 IulNX
DO 2010 JuINX

2010 PI(!,J)=Pf1,J)
rALL CALfA*ON9P9KKWA9NX9NXM*IMAX91)
Do 877 IulNX
DO 877 Jn1,NX

877 P(1,J)wQNCIJ)
ITERCNITERC4.1

2050 CONTINUE
00 100 Iv1,NX
DO 100 J.1,NX
EPt I J)u0.
DO 101 K=1.NX

10'. EPfIvJ)=EP(f9JT+EfIK)*P(K9J)
100 A(IvJ)wAN(1,J)-EP(IJ)

DO 102 I1,1NX
0O 102 J.INX
ON( !,J)oQ( I.J)

10 O0 103 Kwl9NX

102 ON(J.1)uON(IJ)
JCTuO
DO 105 !u1,NX
DO 105 J*INX
IF(PJ (IJM)06sl0591O6

106 RATxP(IJ)/Plff9J)-l.
RAT=Ar3S(RAT)
WF(RAT-EE) 105.105.107Z

105 lCTuICT+1
107 COPITNIMF

IP( ITFPC)108 .100n9I0Ft

Figure 11-5. Subroutine CGAINS Program Listing (continued)
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108 JF(NC-ICT)109*1279109
109 IF( ITERC-ITER 1000.100191001

1001 WRITE(9*120)ITERtICT
120 FORMAT(1H1/?Xs1SH NOT CONVERGED IN 13934H1 ITERATIONS-FIRST TERM TO

1VAIL WAS 14/)
ITERMaITER-1
WRITE(99121) ITER

121 FORMAT(,'//23H P MATRIX AT ITERATION 13/0)
CALL MP(NXM#NXMgN~vNXP)
WRITE09,1213 ITERNh
CALL MP%'NXMvNXM9NX9N)XPI)

122 CONTINUE
DO 125 Iw1,NU
DO 125 Jw1,NX

DO 129 Ko1.NX
125 AK(IJ)*AK(I#J)-W2(1*K)*P(K,.J)

!F( !TERC-ITER)4010940119401l
4011 WRITE(9940041

4004 FORMAT(1H1/7X*13H GAINS MATRIX//)
CALL MP(NUM*NXMeNU*NX*AKI

4010 WRITE(99400S)
4005 FORMAT(1N1I7X*15I4 RICCATI MATRIX//)

CALL MP(NXMNXM*NXtNX*Pl
I WRITE(9*40041

CALL MP(NUM*NXM*NUNXtAK)
RETURNI END

Figure 1U-5. Subroutine CGAINS Program Listing (concluded)
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71,1

SET ITER 0

0
CONTINUE

[:ýT E:R]

DO 10

COMPUTE trA)

NO X,:
TEST IF tr > 0 STOP

COMPUTE 301 O(O)IJ O(d ij (4x)7,j

ESTEST IF X -LE--
oil'

(AX)SET EE 0.01
p ErFyll

oil

COMPUTE NC KO
c TEST IFp- c<O

JYES
14TESTIT

7±9
ENT ICOT

20
2 

661 CONTINUE2
SET P-A SET P-A'

CONTINUE 
10

COMPUTE
P- P-01

COMPUTE 60 
INCREMENT ITERI

TEST IF ICOT -_NC

4,5COMPUTN4,
X0. 23 Q#,

I COXTINUEý

CO PUTE 17,81 120 1 j

SET A -to !2a*+l

117 1
COMPUTE
*-AA

YES
Figure 11- 6. Subroutine CAL Flow Diagram TEST IF ITER c lt!!ý

4140

CONTIN

FWMITE 17CR
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SUBROUTINE C~kL(AvXN*PtKWA*N*Nft.IMAXIT)
DIMENSION A(UIR,1).XN(NR,1),P(NR,1),KWAINR)
TRmO.
DO 300 Iul.N

300 T~wTR+A(1,I)

301 PNUN #2#

NCON*(N+ll
NCwNC/2
DO 60 Iw1.N
DO 63 Jw1.N
GOTO(61#621#IT

61 P(IJ)-AfIJ)

62GOTO 63

63 CONTINUE
P( 1.1).P(1,! )-ALF

60 CONTINUE
CALL TDINVR( ISOLIOSOLN.NPNRKWA.DET)
DO 4 I1*2N
DO 4 Jwl04
A(IJ~-0.
DO 4 Knl.N
4A(IJ)uA(IJ),PtK.II*XN(KJ)*2e*ALF
DO 5 1.104
DO 5 Jw19N
XN(I IJ)w0*
DO 5 Kw1.N

DO 7 Iw1.N i T~IE4
DO 8 Jw1,N

9 A(I9J)UA(IvJ.(,IX(J)*2*L 20 AICwIJmm(I.
7PICO (II+l 0 OTIU

ITFwO16 CONT7INUE,
DO 10 Iml.N DFTOT1-J1NCIt91
DO 10 JwIvN ISCNINI.J).

DO 91 Kwl.N 0O 0 17 m1N
9 AI9~v(I#)+(Kl)*N(9 1?2 AlIoJ~mP(I.J)A(K)(KJ

11 DXIJmDXIJ4AlIK)*P(KtJ) 40 JFITER-IMAX1100950950
XN(IJ~uN~IJ1.XJJ50 CONTINUE

IF(J#lXN(IJ))011 060 WRITE49*6001 ITERIF(X(I9l)2IqI42016ooFORMAT(/7X96H ITER%171201 RATeARS(DXIJ/XN(I*JJI RETURNIF(RAT-EE)14*14970 FND

]Figure 11-7. Subroutine CAL Program Listing
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ENTER

WRITESAEPP

IMAX, ITER, NX,NW, NM, EE 1

COMPUTE NCST 
87

ST ITERC - 0 
.

H 2P 2, BL, H2  A25

W, -1W- OPT 4242

READ FROM TAPE
F, G 1 3hý 2 0W2,Wl 4344

NOT IFONOERGED 3
Fi ur 11 8Sur uinEGI S F ow D a r m TER IERTION 0

G3#II

2916

NC -jC



1-4272
COTNUE

COVARIANCE MATRIX P

I COMPUTE ESTIMATOR
LA PHF W271

GANWIEETIMATOR

COMPUTE 45

IF- ( + GPK)

COMPUTE 4542

CALL CAL (A,6,X)4 ~WRITEQ

COMPUJTE
X - (Q.4 + P)

F WRITE COVARIANCE WITH
ESTIMAIOR X

RETURN

Figure 11-8. Subroutine EGAINS Flow Diagram
(concludedY
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SUBROUTINE EGAINS(AKITAPEZMAX.ITER.ITERCINP)
COMMOM NXNUoNR.NWNM.NXMNUMNRMNWM.NMMNNEE
DIMENSION F(17.17).63(l?.3).BL(17,12) .N2(12917p .W2(12912) ,Wl(393)

DIMENSION P(17,17)2PI(T17.l7)AM(17,17),OH(17,l7),IO(17,l7)I. DIMENSION 0(17.17),X(17,17),X1(l7,I7),W21('12912),142PW21(17,12)
DIMENSION O3W163Ii7.1T),KWA(12).K~wA(17),AKt4.17),G1(17,*)

WRITFt994002)!MAX9ITFR
4.002 FORMAT(IHl/?X,37H MAX NO.MBER OF INNER-LOOP ITERATIONS 13#37H MAX N

lUMBER OF OUTER-LOOP ITERATIONS 13//)
WRZTE(9v4003 PNX#NW#NMEE

4003 FORMAT(//7X.16H O'RDER OF SYSTEM *I3/7X924H NUMBER OF DISTURBANCES*
113/7X*25H NUMBER OF MEASUREMENTS -I3I7X*1SH CONVERG. FACTOR wFl0#8
2//)
NCu(NX*(NX+1) 1/2

1099 CONTINUE
I TERCwO
DO 100 Iwl*NX
DO 101 Jw1,NX
G3W1(G3( I Jlco.
F(I gJ)sOe

AH(I#IJ)uO*

ID(IJ)UOO

X(II J)800

101 CONTINUE
DO 102 Jwl*NM
HPW2I (I.J)n0.
nL(I IJ)nO.
H2(JI P.O*

102 CONTINUE
no 103 iinl*NW
G31 IPJ)sO*

103 CONTINUE
100 CONTINUE

DO 104 Iwl9NW
DO 10' JU1.NW

104 CONTINUE
r00 105 I101NM
DO 105 JnlvNM

W21U1J)w0a

105 CONTINUE
REWIND ITAPE
READIITAPE)I IFIIJ).Js1,NX)PIu1NXI
READIITAPE)I(G1IIJ,,JulNU),Iu1.NXI
READI ITAPE)(I1G311.&J .Ju1.NWh'I1,1NX)
READI ITAPE) I H2(IJ J) ,J31 NX) .Iul.NM)
READ(ITAPE)f 1W2(11J).Jul.NM),I.1,NM)
REAU(I TAPIE) I(W1(I.J) .JnlNW).Im1.NW)

Figure T-.Subroutine ECGAINS Program Listing
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C
C COMPUTF W2 INVERSFvG3W1639H?PW219IDOT

DO 200 I*lNM
D0 200 Jw1*NM

200 W2UI.oJ)GW2U.*Jl
CALL TDINVR(1SOL,!0SOLNMNMW21.NMM-'VWA,0ET)
IF'( SOL+IOSOL)-2)20.2922#?01

201 STOP 66
202 CONTINUE

no 203 !*1,NX
DO 203 .J61NM
H2PW21(l9.J)=0*
DO 203 KuINM

203 H2PW21(IJ)nH2PW2I(Ij)4H2(KI)*W?I(Kj)
DO 204 1019NX
DO 204 Jn*1NX
ID10 !,..u0
DO 204 Ku1,NM

204 ID(1,J)inID(IJ)+H2PW?I1JK)*H2(K.J)
DO 205 lwl*NX
DO 205 Jwl#NW

205 X(IIJ)*X(IvJ)4G3(1,K)*WI(KoJ)

DO 4106 In1,NX
DO 4106 J1.9NX

410 PIG5JIJu0.

GOTO(2002050 )PN

100DO 2010 JulNX
DO 2010 J0INX

2010 P1(IJ)mPU,
CALL CALT(AHH,,KKAXxMMA,

DO 2077 Jw1,NX
8770 PI(IJ)wCJH(IJ)

DO 411 I=lNX
DO 811 JwlNX

877 P.lJ)nu0. qJ

DO 412 I1,1NX
DO 412 J=19NX

412 AH(1,J)nFIIJ)-X(yJ)D(*J

Figure 11-9. Subroutine EGAINS Program Listing (continued)j
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00 413 IulNX
D0 413 JnTNX

F OHI IJ)wG3W103(I*J)
nO 414 K=19NX

414 aH(rJ)wQH(Iv.J).XfI*K)*P1KvJ)
413 ')H(J,!)wQH(IvJ)

ICT=C

DO 415 JI9NX
IF(PI(IJ)*EQ.O0d GOTO 415
DO 415 #JuINX #)-
RATuAWRAJ)/IIJ-1
IFRAT-FESRA)4191%

415F(RATT-E)15,1,
415 ICOTINUE+
416 COTINERC4710*
417 !FTNERC)417,1000.418I4173 IF(NTFC-ICTE)410009419#

419 lWt TTERC-!0TER)10,1,1
419 WORMTF(1H/7v3HNO ONEGE)II3T1 IFRTOR
420 CONMTINUE ,8 NTCNEGD N1,1 IEAIN/

422COTINE(94
43 FRMATE(9,431 RRRCOAINC ATI/
431 L FOMAT(1H/X,24H ERR#NOR P A$ ACEMTI
CAL 435(NXMNXM,4,XP
DO 435 Iu19NX
DO 435Ju1vNM

DO 435 K*1*NX
435 13L(1,J)uBL(1,J)4PIlK)*H2PW2I(KJ)

WRITE (9*4361
436 FORMAT(1F1/7Xv16H ESTIMATOR GAINS/)

CALL MP(NXMtNMMNXtN14,BL)
*4 DO 450 I1*,NX

DO 450 J*1vNX
AH(I 9J) -F(I 9J)
DO 450 KIPNU

450 AH(I9J)wAN(IJ)4G1(I*K)*AK1KvJ)
DO 451 IlNX
DO 451 J*19NX
XI ,J)wC.

DO 451 Ka1,NX
451 X(IJ)wX(IvJ)+PfI9K)*IDfKvJ)

DO 45? !w1*NX
DO 452 J*1,NX
0H(IJ)=0*
D0 452 KuI.NX

452 OH(IJ~wOH(IJ)4X(l.K)*P(KvJ)
CALL CAL(AKQH*XvKKWANX9NXM#IMAXv2)
WRI~TE (9#453)

451 FORMATI1HI/7X*12H XHAI MATRIX/)
CALL MP(NXM*NXMNXNXQH)
00 454 Iw1vNX
flO 454 Jw1,NX

454 X(IvJ)wOH(1#J)*PfloJ)
WR ITr (;94551

455 FORMATt1HI17X934H COVARIANCE(WITH ESTIMATOR) MATRIX/)
CALL MP(NXMNXM*NXoNX*X)
RETURN
END

Figure 11-9. Subroutine EGAINS Program Lis~ting (concluded)
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YI

DATA MANIPULATICN SUBROUTIN.LS

Subroutine SDATA

Subroutine SDATA is called by the main program when the linear data is
input through cards. It reads the linear shuffled data by calling iNPT sub-routine for FF, GG1, GG2, and H2 matrices. The data is stored in the perma-

nent disc file ITAPPF for subsequent use by DATAGEN. The subroutine flow
diagram is shown in Figure II-10 and its program listing in Figure U-11.

Subroutine DATAGEN

Subroutine DATAGEN generates linear data for the controller and~estima-
tor computations.

First, the linear data corresponding to the selected frozen-time point are
read in irom the permanent disc file. If IREADC = 0 the matrices D, H, Q
are read in by calling subroutine INPT. Also if IREADE = 0 the matrices W1.W2, and HH2 are similarly read in.

Tie linear data for controller computations are FF, GG1, H, D, and Q,
They are written on controller data scratch tape ITAPC. The linear data for
estimator computations are FF, GG1. GG3, HH2, and W2, and W1. They
are written on estimator data scratch tape ITAPE.

The flow chart of subroutine DATAGEN is shown in Figure 11-12 and the
program listing in Figure 11-13.
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7rý.-r I ,WW14 fr~I

rENTER

-. REWINDOTAP

FCLEARII GGC 2, GG3, FF, H2 ,J

INPUT
FFGG,G01,03, 14

I Figure 11-10. Subroutine SDATA Flow DiagramIWRITE ITAPPF

SUBROUTINIE SDATAC ITAPPF9NDPTS)
COMMON NXNUNRNW,1;1I1,a4XMNUMNRMNW¾NA,-..iNN.EE
DIMENSION FF(2092O),GG1(2O,8),GG2(2096).6G3(2094),H2C21,1?)IVW.(')
REWIND ITAPPF

1 FF(Ij)=o.
DO 1 1*1,20
DO 2 J=198

2 C-GI(IJ)0.e
DO 3 J=196

3 GG2(IJ)uoo
00O 4 J=194

4 GG3(19J)=Oo
DO 1 J=ls20
DO 5 1=1,21
DO 5 Jul.12

'ýO 6 1=19;
6 V'.( I)=0.

CALL :PFf2qO
CALL !l,:PT(CC1,ZU,')
CALL INPT((,G

3 ,2394)
CALL 1I'PT(H29 21912)

1HRITE(ITAPPF)FF
10 1TF ( I TAPPF) GG
WRITE(ITAPPF)GG2
vIRI TE( ITAPPF)GG3
WRITE(ITAPPF)H2
WRITE( ITAPPF)Vlq
RETURNA

Figure 11-ti. Subroutine SDATA Program Listing
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Rr.VIND ITAPPF

001 WIL -1,NOPT S

I I PP1 GG14GG2,GG31H2 ,VW

COTIU

Figue -12.SuboutieD TAEST IFlo Diagram

g ZNO

REWID IAPCREWND298P

TES IF 
-~AD 

-
1'-Y



SUB3ROUTINE DATAGENt ITAPCITAPEITAPPF,94DPTSIREADCIREADE)
COMMON NXNUNRNWNMNXMNUMNRMNWMNMMNNEE
DIMENSION FF(20.20) ,GG1(20,8),GG2(2O,6),GG3(20,4),H2(21,12) ,VW(3)
DIMFNSION H(21,17),D(21943iO(2192l3'J1(3tj) ,W2(12,12)

DIMFNSION HH2(12ol7)
REWIND ITAPPF
rO10 LwlNDPTS

REAr,(ITAPPF)FF
READ( ITAPPF)GGI
RFAD( IfiAPPF)GG2
READI ITAPPF )GGS
READI ITAPPF)H2
READfI APPF)VW

10 CONTINUE

C HERE WE CAN SHUFFLE DATA

!F(ITAPC*EO*01 GOTO 50
REWIND ITAPC
lF(IREADCeEQs0) GOTO 60
DO 11 I1*,NRM
D2rO 12 .J.1,NUM

12D(IJ)40*
DO 13 Jsl*NXM

13 H(I*J)*Oo
00 11 JulNRM

11 O(l$J~uO*

00 30 I1=2NR
30 3 J1N
30 0JI)uO(I.J)

60 CONTINUE
WRITE(ITAPCN((FF(1,J),JulNX)IuIlNX)
WRITE IITAPC)(I(GG111,J),Ju1,NU),J1,1NX)
WRITE(ITAPC)I(H(1,J),Jal.NX),IulNR)

WRITE(ITAPC) I IQ(IJ).Jn1,NR),I1,PNR)
50 CONTINUE

TIl !TAPEoEO*0I GOTO 100
PFWTMO ITAPFI TIF TRFADE*FQ.0) GOTO 70
ro 15 Tw1,NWM CALL INPTIHH2*NMM*NXM)
D0 15 Jft1,NWM 70 CONTINUJE

15 WltTJ)NO* WRITECITAPE)(I IF( ilJ) ,JulNX) ,I.1,NX)
DO 16 In1,NMM WRITE(ITAPE)(tGGI(IJ),JslNU),IslNX)
00 16 Jft1,NMM WRITE(ITAPE)I(GG*3IIJ).JmlNW),IllNX)

16 W2{IJl*0. WRITE(ITAPE) ((HH2(1,J),JulNX),Ia1,NMI
00 17 Is1,NMM WRITE(ITAPE)11w2(1,J),J=1,NM),I.1,NM)
nso 17 JaINXMv WRITE(TTAPE)t(WI1(J),4u1,NW),1u1,NW)

17 H~fJ~0.100 CONTINUE
CALL INPTfWINWMNWM) RFTURN
CALL INPT(W?tNMMNMM) FND

Figure 11-13. Subroutine DATAGEN Program Listing

299


